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EESUME  OF  THE  WOBK,  AND  DEDICATION. 


With  this  volume  I  bring  my  account  of  rail- 
roads to  a  close.  The  subject  is  a  great  one  and 
covers,  incidentally,  the  science  of  political  econ- 
omy, the  ethics  of  business  and  the  methods,  hab- 
its and  morals  of  men.  Economic  questions  that 
enter  into  the  calculations  of  traders,  merchants 
and  manufacturers,  and  the  principles  that  gov- 
ern those  who  employ  and  manage  men,  form  a 
most  important  part  of  it. 

Naturally,  in  my  books,  practical  questions  that 
concern  the  operations  of  railroads  take  prece- 
dence of  all  others. 

But  those  who  would  comprehend  the  subject 
in  its  entirety  must  understand  the  principles  of 
political  economy  that  permeate  it  throughout 
as  well  as  more  practical  details.  For  this  reason 
I  have  given  the  former  such  space  as  I  have 
been  able. 

Railroads  are  affected  in  their  operations  by 
natural  laws — physical,  mora]  and  intellectual. 
Each  is  a  potent  factor.  In  their  solution  those 
who  own  railroads,  those  who  manage  them, 
those  who  work  for  them  and  those  who  patron- 
ize them  are  concerned. 

(iii) 


iv  SCIENCE  OF  RAILWAYS. 

Each  day  it  becomes  more  and  more  apparent 
that  the  greater  the  wisdom  exercised  in  govern- 
ing i*aih*oads,  the  greater  success  they  achieve; 
the  less  friction  there  is  between  owners,  em- 
ployes and  patrons;  the  more  profitable  railway 
property  is;  the  more  contented  and  happy  em- 
ployes are;  the  better  the  public  is  served,  the 
more  friendly  it  is.  Everything  that  contributes 
to  this  end  serves  a  good  purpose.  Books  are 
as  valuable  here  as  in  the  practice  of  medicine, 
law,  government,  the  art  of  war,  or  other  sub- 
jects that  are  too  great  to  be  comprehended  by 
one  man. 

If  in  my  writings  I  express  anywhere  opinions 
unfavorable  to  existing  methods  it  is  not  neces- 
sarily because  I  believe  them  to  be  wrong  in 
practice.  Managers  of  railroads  are  the  creatures 
of  circumstances.  Railway  corporations,  like  gov- 
ernments, are  compelled  to  accept  for  the  moment 
situations  as  they  find  them  and  adapt  themselves 
thereto  with  the  best  grace  possible.  However 
high  their  aim,  present  methods  must  conform 
to  what  is  practicable.  With  greater  knowledge 
and  better  resources  the  high  purposes  of  to- 
day that  are  merely  speculative  may  become 
realities. 

Many  portions  of  my  books  are  devoted  to  spe- 
cific details;  to  recounting  particular  methods  of 
administration.  In  being  minute  I  have  erred,  if 
I  have  erred  at  all,  on  the  safe  side,  for  while  the 
views  of  particular  men  may  not  be  accepted 
unqualifiedly  by  others,  they  are  none  the  less 


CONCLUSION.  V 

valuable.  In  this  as  in  other  things,  what  we 
read  is,  as  I  have  before  had  occasion  to  remark, 
very  often  more  valuable  for  the  ideas  it  suggests 
than  the  thoughts  directly  conveyed.  Where  so 
many  things  have  to  be  considered,  as  in  rail- 
roads, before  it  is  safe  to  act,  the  more  extended 
our  horizon,  the  greater  our  knowledge,  the  safer 
guides  we  make.  Hence  the  value  of  experience, 
observation,  treatises,  descriptive  books,  etc. 

In  regard  to  the  foregoing  eleven  volumes, 
other  men,  I  must  believe,  have,  each  in  his 
particular  place,  given  many  of  the  subjects  dis- 
cussed more  attention  than  I.  Of  their  methods, 
so  far  as  I  have  been  able  to  gather  them,  I  have 
been  an  attentive  student  all  my  life.  From 
them  I  have  sought  to  learn.  I  have  nothing  to 
say,  it  is  probable,  in  regard  to  their  several  lines 
of  thought,  that  will  greatly  interest  them.  On 
other  subjects  I  hope  it  may  be  different.  Those 
I  write  for,  however,  are  that  great  class,  growing 
greater  each  day,  whose  knowledge  of  railway 
operations  is  necessarily  circumscribed  and  whose 
opportunities  for  learning  are  limited.  To  these 
I  hope  my  books  will  be  something  more  than  an 
exposition  of  well  known  facts  or  possible  event- 
ualities. They  will  open  up  to  them  many  com- 
plex and  interesting  questions  that  enter  into  the 
origin,  working  and  destiny  of  railroads,  which 
would  otherwise  forever  remain  a  sealed  book, 
and  without  a  knowledge  of  which  their  pros- 
pects in  life  would  be  much  restricted  and  their 
usefulness  greatly  lessened. 


vi  SCIEXCE  OF  RAIL  WA  VS . 

No  business  interest  is  so  divergent  as  that  of 
a  railway.  The  corporation  itself  is  perpetual. 
It  is  the  creature  of  circumstances.  It  serves 
all  alike.  It  is  a  repository  of  great  and  varied 
trusts.  It  is  at  once  a  manufacturer  and  trader. 
It  employs  myriads  of  men.  Its  duties  are  com- 
plex, its  responsibilities  manifold.  In  its  propri- 
etorship it  possesses  the  conservatism  and  high 
constructive  qualities  necessary  to  the  accumu- 
lation and  retention  of  property.  Herein  it  is 
fortunate,  for  men  of  this  class  are  the  natural 
rulers  of  the  world  and  the  highest  and  best 
friends  of  those  who  do  not  possess  their  peculiar 
attributes.  It  was  through  their  combinations 
that  men  first  achieved  freedom  and  the  com- 
forts of  life.  These  highly  desirable  acquisitions 
cannot  be  preserved  without  their  assistance  and 
guidance. 

In  considering  the  affairs  of  railways,  every 
interest  must  be  remembered,  that  of  owner, 
patron,  oflBcer  and  employe.  All  their  rights, 
ambitions,  projects,  prejudices,  habits,  weak- 
nesses and  ignorances  must  be  severally  weighed 
and  considered.  Not  to  do  so  would  be  to  jeop- 
ardize, certainly  to  weaken,  the  whole  structure. 
For  these  reasons  the  philosophy  of  the  subject, 
quite  as  much  as  its  practical  details,  finds  a 
place  in  the  accompanying  volumes.  The  theme 
is  the  most  important  of  our  day,  and  may  truly 
be  called  Scientific.  I  regret  my  inability  to  do 
it  greater  justice. 


DEDICATION.  vU 

I  have  had  many  new  and  original  cuts  pre- 
pared for  this  edition  of  the  Manual  to  show 
not  only  the  details  of  parts  or  their  working 
which  are  not  generally  well  understood,  but  espe- 
cially to  show  the  proper  method  of  procedure  in 
case  of  many  accidents.  It  is  a  well  known  fact 
that  no  words  of  explanation,  however  complete 
and  explicit  they  may  be,  can  convey  the  informa- 
tion that  a  picture  instantly  affords. 

In  concluding  these  volumes,  upon  w^hich  I 
have  been  engaged  so  long,  I  wish  to  dedicate 
them,  however  unworthy,  to  the  officers  and  em- 
ployes of  the  railroad  corporation  with  which  I 
have  been  connected  during  the  whole  of  my 
business  life,  now  over  forty  years.  This  asso- 
ciation has  bred  in  me  far  deeper  sympathies 
than  those  of  a  business  character  merely;  in  the 
long  years  that  have  passed  officers  and  em- 
ployes have  become  brothers,  and  the  property 
itself  has  become  imbued  with  life. 

Marshall  M.  Kirkman. 

Chicago  J  January,  1900. 
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ENGINEERS'  AND  FIREMEN'S  MANUAL, 

OR 

COURSE  OF  STUDY  FOR  THOSE  WHO  SEEK  TO 
BECOME  ENGINEERS. 

THE  LOCOMOTIVE  ENGINE  THE  KEY  TO  THE  RAILWAY 
world:  QUESTIONS  REGARDING  SELECTION,  TRIAL 
AND  WORK  OF  THOSE  IN  CHARGE.  THE  VALUE  OF 
SYSTEMATIC  STUDY  AND  CAREFUL  EXAMINATIONS 
TO  THOSE  WHO  WOULD  BECOME  EFFICIENT  ENGI- 
NEERS. 

The  books  that  make  up  the  "Science  of  Rail- 
ways," of  which  this  is  a  part,  have  much  to 
say,  directly  and  indirectly,  about  the  Equip- 
ment and  Train  Service  of  railways.  Both  these 
subjects  bear  directly  on  the  duties  and  respon- 
sibilities of  engineers  and  firemen.  It  is  as  im- 
possible to  afford  a  separate  and  connected 
account  of  such  duties  as  it  is  to  afford  such  an 
account  of  the  duties  of  superintendents  or 
comptrollers.  Railway  service  laps  and  inter- 
laps  in  every  direction,  and  the  engineer  and  fire- 
man to  fully  understand  their  duties  must  also 
understand  the  things  that  are  germane  thereto. 
This  requires  that  they  should  study  railroading 
not  piecemeal,  but  as  a  whole. 

It  was  the  impossibility  of  separating  the 
duties  of  particular  departments  of  the  service 
and  describing  them  apart  that  first  constrained 
me  to  take  up  the  subject  as  a  whole.    I  started 
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out  to  describe  particular  branches  of  the  ser- 
vice, but  quickly  found  that  their  connection 
with  the  others  was  so  close  as  to  render  a  de- 
scription of  the  whole  necessary.  Thus  I  was 
led  reluctantly  and  contrary  to  my  original  in- 
tention to  take  up  the  subject  in  its  entirety. 
What  I  have  been  compelled  to  do,  others,  who 
seek  to  fully  inform  themselves  in  regard  to  par- 
ticular branches  of  the  service,  will  also  be  com- 
pelled to  do. 

While  there  are  many  engineers  and  firemen 
who  take  this  comprehensive  view  of  the  sub- 
ject, others  believe  their  field  lies  more  apart 
and  that,  therefore,  it  is  susceptible  of  separate 
delineation  and  study.  There  is  much  interest- 
ing and  valuable  literature  extant  on  the  subject 
of  the  duties  of  engineers  and  firemen,  but  for 
the  reason  stated,  it  only  partially  explains  their 
offices.  This  does  not,  however,  lessen  its  value, 
so  far  as  it  goes.     It  is  simply  incomplete. 

Knowledge  of  the  locomotive  and  how  it  is 
operated  is  only  one  of  many  things  engineers 
and  firemen  must  know.  They  must  also  be 
familiar  with  train  regulations,  signals,  methods 
of  dispatching  trains  and  kindred  knowledge. 
Such  things  are  fundamental.  Moreover,  as 
their  duties  bring  them  in  daily  contact  with 
the  equipment,  they  must  know  something  of 
its  construction,  care  and  maintenance.  The 
wider  their  knowledge,  the  greater  the  prob- 
ability that  they  may  some  day  become  depart- 
ment   directors   instead    of    operatives    merely. 
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Nor  need  their  ambition  be  thus  restricted. 
The  nature  of  their  duties  affords  an  admirable 
opportunity  for  acquiring  the  knowledge  re- 
quired by  superintendents  and  managers  of 
railroads.  All  that  is  needed  is  that  he  who  sets 
out  to  familiarize  himself  with  the  locomotive 
shall  keep  on  until  he  becomes  acquainted  with 
the  needs  of  other  branches  of  the  service.  The 
task  is  difficult,  but  not  insurmountable.  The 
knowledge  may  be  acquired  by  experience, 
study,  observation,  inquiry  and  the  thousand 
and  one  devices  ambitious  men  adopt  to  further 
their  ends. 

A  man  who  seeks  merely  to  be  a  fireman,  and 
then  an  engineer,  and  afterward,  perhaps,  a  fore- 
man, may  be  satisfied  with  a  mechanical  or  per- 
functory knowledge  of  the  railway  world,  but 
such  knowledge  is  not  sufficient  even  for  this 
limited  field.  However,  he  can  possibly  get  on 
thus  without  scandalizing  the  service,  or  seri- 
ously jeopardizing  the  interest  of  his  emploj^er, 
but  if  he  expects  to  occupy  a  position  of  greater 
power  and  influence,  he  must  study  I'ailroading 
as  a  whole.  Only  thus  can  he  comprehend  the 
spirit  and  practices  that  animate  the  service,  or 
cope  with  the  many  men  of  talent  who  fill  its 
ofiices. 

To  l)e  an  officer  of  a  railroad,  or  to  fill  a  posi- 
tion of  responsibility  in  connection  therewith, 
requires  that  the  incumbent  shall  understand  the 
science  of  government.  This  science  is  in  essen- 
tial tilings  alike  as  regards  public  and  private 
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corporations.  To  know  how  to  govern  a  country 
or  city  well,  is  to  know  how  to  govern  a  great 
railroad  well  with  its  vast  army  of  employes  and 
widely  extended  and  complicated  interests.  The 
man  who  seeks  preferment  in  either  must  under- 
stand how  governments  are  formed  and  how  best 
carried  on  for  the  common  good.  He  must  know 
much  about  the  checks  and  safeguards  that  expe- 
rience proves  to  be  needed  in  order  to  secure  a 
strong  and  pure  government.  Such  knowledge, 
as  I  have  said,  constitutes  a  part  of  the  science  of 
railroads,  and  no  man  is  fully  capable  of  being 
an  officer  of  a  railroad  or  of  holding  a  position 
where  he  must  come  in  contact  with  the  public, 
without  possessing  it.  This  feature  of  the  situ- 
ation 1  have  sought  to  explain  in  my  books  as 
conscientiously  as  I  have  the  basis  of  rates,  safe 
conduct  of  traffic,  or  the  faithful  handling  of  a 
company's  money,  but  the  information  is  not  to  be 
found  in  any  particular  chapter  or  book.  It  per- 
meates every  part  of  the  service  and  it  is  impos- 
sible to  discuss  any  question  without  more  or  less 
reference  to  it.  It  is  this  fact  which  makes  men 
familiar  wdth  the  magnitude  and  homogeneous- 
ness  of  the  subject,  so  impatient  of  those  who 
think  that  there  are  departments  and  branches 
of  the  service  that  may  be  considered  apart  from 
the  rest. 

Those  wdio  work  for  railroads,  no  matter  where, 
are  interested  in  acquiring  knowledge  of  every 
department  of  the  service,  and  this  not  perfunc- 
torily, but  systematically.     Their  personal  inter- 
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ests  not  only  require  that  they  should  possess  this 
knowledge,  but  the  interests  of  their  employer 
as  well.  The  more  the  subject  is  studied,  the 
more  this  truth  will  be  apparent.  I  am  not  so 
presumptuous  as  to  believe  I  have  exhausted  the 
science  of  railways  in  my  books.  If  a  book  could 
be  made  exhaustive,  there  would  never  be  but 
one  written.  The  greatest  value  that  any  book 
possesses  is  the  suggestions  it  affords  the  person 
who  reads  it.  He  may  find  many  things  upon 
perusing  it,  that  he  did  not  know  1)efore,  or  only 
surmised;  others  again  that  he  had  overlooked. 
He  will  be  refreshed  as  by  a  bath,  even  though 
he  has  only  acquired  a  morsel  of  original  infor- 
mation from  what  he  has  read,  for  the  reason 
that  his  knowledge  will  have  been  expanded  by 
the  thoughts  to  which  his  reading  has  given  rise. 
Let  railway  men  keep  this  in  mind  in  reading 
books  on  railway  and  other  subjects. 

I  have  sought  to  treat  my  theme  as  fully  as 
circumstances  permitted.  Where  I  do  not  wholly 
enlighten,  I  may  be  pardoned  for  believing  that  I 
have  at  least  pointed  the  way. 

There  are  few  of  the  books  that  make  up  the 
^'Science  of  Railways"  that  do  not  contain  mat- 
ter of  more  or  less  general  interest  and  value  to 
those  who  seek  to  be  firemen  and  afterward  engi- 
neers. How^ever,  if  the  latter  position  is  the 
height  of  their  ambition,  then  some  of  the  books 
will  not  possess  as  much  value  as  they  would 
under  other  circumstances,  but  in  every  book 
may  be  found  some  account  of  the  practices  and 
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philosophy  of  railroading  with  which  it  is  desir- 
able every  one  should  be  familiar. 

Much  of  the  information  that  books  on  the 
general  subject  of  railroads  contain  is  not  neces- 
sary to  a  fireman  to  enable  him  to  creep  up  to 
the  place  of  engineer,  any  more  than  salt  is 
absolutely  necessary  to  a  potato;  but  he  like 
every  railway  man,  if  lacking  in  the  niceties  of 
his  profession  (that  only  general  knowledge  can 
supply),  will  lack  flavor  and  will  seek  in  vain  to 
reach  the  highest  positions  in  the  service. 

From  the  foregoing  it  will  be  seen  that  a 
consecutive  and  separate  account  of  the  duties 
of  engineers  and  firemen  is  impossible.  How- 
ever, there  are  particular  duties  imposed  upon 
them  that  may  be  described  apart.  These  I  shall 
embody  here.  While  incomplete,  the  matter  is 
not  the  less  valuable  on  that  account,  as  it  is  re- 
plete with  suggestions.  This  I  maj^  say  with  the 
greater  freedom,  as  I  am  the  editor,  rather  than 
the  author.  What  I  shall  have  to  say  is  probably 
known  to  accomplished  railroad  engineers,  but  it 
is  not  known  to  those  less  favored,  and  yet  they 
should  be  familiar  with  it,  in  order  to  be  able  to 
look  forward  with  confidence  to  preferment  in 
their  calling.  Furthermore,  if  instead  of  treating 
what  I  have  to  say  as  final,  the  student  in  search  of 
knowledge  will  look  upon  it  as  rudimentary  only 
and  supplement  it  with  acquisitions  of  his  own, 
he  will  not  only  add  greatly  to  his  prospects  as  a 
railway  man  (by  adding  greatly  to  his  value  to 
his  employer),  but  he  will  increase  immeasurably 
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his  abilitj^  to  secure  a  position,  if  through  any 
untoward  circumstances,  he'  finds  himself  with- 
out employment. 


As  the  engine  is  the  key  of  the  railway  world, 
so  those  who  operate  it  share  in  its  supreme  im- 
portance. While  admirable  in  outline  and  use- 
fulness, it  is  after  all  only  an  aggregation  of 
metal  fashioned  into  many  curious  forms,  but 
dead  and  incomplete  without  the  guidance  of  the 
engineer  and  fireman.  Like  the  world  in  the 
beginning  when  clothed  in  stillness  and  death, 
awaiting  the  light  of  day,  so  the  locomotive 
stands  apart,  cold  and  dead,  but  under  the  in- 
spiring influence  of  the  Engineer  and  Fireman 
pulsates  with  life,  forming  not  only  a  magnifi- 
cent picture  in  itself,  but  one  of  the  most  useful 
implements  ever  designed  by  men  for  the  use  of 
men. 

The  locomotive  is  still  in  a  state  of  evolution, 
and,  sympathetically,  those  round  about  it  are 
changing  not  only  in  the  particulars  of  their 
duties,  but  in  their  aspirations  and  lives.  The 
engineers  and  firemen  of  early  days  bore  little 
resemblance  to  their  brothers  of  the  present 
period.  The  latter  have  not  only  personally 
acquired  greater  skill,  but  they  possess  also  the 
accumulated  experience  of  those  who  have  gone 
before  them.  It  is  no  exaggeration  to  say  that 
the  fireman  of  to-day,  even  if  a  novice,  is  much 
superior  in  capacity  to  the  engineers  who  had 
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charge  for  a  long  time  after  railways  were  first 
operated.  The  first  enginemen  were  by  trade, 
blacksmiths  and  mechanics,  who  understood 
something  about  metals  and  machinery,  Ijut 
were  ignorant  of  the  uses  of  steam  or  the  future 
possibilities  of  the  locomotive.  It  was  necessary 
to  train  men  for  the  position.  This  process  has 
been  going  on  with  ever  accelerated  speed  from 
the  first  day  up  to  the  present  moment.  There 
is  no  end  to  the  road.  It  grows  wider  and  the 
horizon  expands  with  each  advancing  step. 

The  firemen  and  engineers  of  railways  consti- 
tute as  highly  a  trained  class  of  men  as  there  are 
connected  with  the  technical  world  of  trade  at 
the  present  time.  Their  knowledge  and  useful- 
ness will  increase  with  time  and  further  expe- 
rience. It  is  only  reasonable  to  believe  this  be- 
cause we  know  that  possession  of  knowledge  only 
intensifies  the  desires  of  men  in  this  direction. 
Its  acquisition  by  an  ambitious  man  creates  an 
unquenchable  thirst  for  further  light.  His  mind 
expands  with  his  opportunities  in  this  direction 
until  the  vacuum  of  the  brain  appears  so  much 
greater  than  its  filled  space  that  the  wisest  man 
becomes  despondent  at  the  meagerness  and  super- 
ficiality of  his  knowledge. 

It  is  only  the  supremely  ignorant  man  whose 
mind  is  at  rest. 

With  each  passing  day,  knowledge  becomes 
more  and  more  a  necessity  to  men.  The  advan- 
tages the  informed  man  has  over  his  ignorant 
brother,  are  so  great  that  the  latter  must  likewise 
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acquire  knowledge  or  confine  liimself  to  tlie  com- 
mon drudgeries  of  life.  This  is  what  competition 
is  doing,  and  it  is  thus  showing  itself  as  useful  in 
this  department  of  life  as  it  has  in  the  production 
and  interchange  of  material  commodities. 

Men  have  no  inherent  love  of  stud}^,  but  the 
taste  grows,  and  if  one  man  studies,  all  must 
eventualh^  stud}^  or  be  outstripped  in  the  race  of 
life.  Thus  the  ambition  of  a  particular  man 
starts  the  whole  forward.  When  men  acquire  a 
desire  to  learn,  moreover,  their  ingenuity  sup- 
plements the  efforts  of  others,  and  in  this  w^ay 
accomplishes  a  double  purpose,  at  once  encour- 
aging and  beneficent. 

As  the  driftwood  carried  to  the  coast  of  Spain 
suggested  to  Columbus  the  unknown  world  of 
America,  so  the  questions  and  answers  embodied 
further  on  herein  will  suggest  a  host  of  collateral 
ideas  of  great  value  both  to  the  student  and  his 
emploj^er.  These  inquiries  measurably  dispel 
the  darkness,  but  do  not  fully  light  up  the  hori- 
zon. And  so  it  is  generally  in  reference  to 
books.  A  great  good  that  they  serve  is  the 
thoughts  they  give  rise  to  in  the  minds  of 
readers.  The  capillary  attraction  of  the  human 
mind  thus  exemplified,  if  I  may  thus  character- 
ize it,  has  this  attractive  feature,  that  above  the 
water  line  of  acquired  knowledge  it  ever  attracts 
to  itself,  all  that  is  necessary  to  nourish  or  ex- 
pand it.  It  is  this  feature  of  the  brain  reaching 
beyond  original  limits,  that  has  made  man  the 
arbiter  of  the  world,  and  that  makes  all  things  an 
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open  book  to  him.  The  only  difficult  thing  in  his 
case  is  to  get  his  mind  in  motion;  once  under 
way,  it  never  ceases  its  inquiries  until  death 
silences  its  action. 


In  the  case  of  engineers  and  firemen  many 
methods  have  been  devised  for  adding  to  their 
knowledge  so  that  they  may  better  serve  them- 
selves and  the  great  industries  with  which  they 
are  connected.  In  some  of  the  old  countries  of 
Europe,  and  particularl}^  in  France,  technical 
schools  have  been  established  near  the  great 
shops  by  railroad  companies,  so  that  the  children 
of  employes  may  early  in  life  be  instructed  in  the 
trade  they  design  following,  and  this  under  the 
immediate  eye  of  their  father.  Thus,  as  they 
grow  up,  they  associate  themselves  with  him  and 
afterward,  when  he  is  too  old  to  work,  succeed 
him  in  his  calling.  In  this  way,  the  child  is 
brought  at  the  most  receptive  period  of  its  life 
into  direct  contact  with  the  things  that  are  after- 
ward to  occupy  its  mind  exclusively.  The 
advantage  of  this  cannot  be  overestimated,  for 
w^e  all  know  that  there  is  a  particular  period  in 
life  that  is  illuminated  more  brightly  than  any 
other,  when  what  we  learn  we  do  not  forget  nor 
undervalue.  This  period,  to  a  great  extent, 
forms  the  groundwork  of  every  man's  life.  Con- 
sequently, if  during  such  period  light  is  thrown 
on  the  work  that  is  afterward  to  occupy  him,  it 
exceeds  in  value  knowledge  acquired  at  any  other 
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period.  For  this  reason,  the  benevolent  inten- 
tions of  the  corporations  in  providing  schools  for 
the  children  of  employes,  will,  it  is  reasonable  to 
believe,  be  followed  by  the  best  possible  results 
to  themselves.  However,  the  schools  are  not 
intended  for  the  children  of  firemen  and  engi- 
neers alone,  but  for  all  employes  engaged  about 
the  shops. 

Usually  the  effort  to  educate  men  for  engi- 
neers and  firemen  does  not  commence  until  the 
men  have  entered  the  service.  This  is  where  the 
great  bulk  of  the  railroads  of  the  world  take  up 
the  work  of  instruction.  The  method  they  fol- 
low in  carrying  out  their  object  is  as  diversified 
as  it  is  in  other  things  connected  w4th  the  ser- 
vice. Formerly,  applicants  were  put  on  the 
locomotive,  and  told  to  go  to  work,  their  prepar- 
atory instruction  being  of  the  simplest  possible 
kind.  This  practice  is  still  extensively  followed. 
In  other  cases,  the  fireman  is  compelled  to  serve 
a  brief  apprenticeship  in  the  roundhouse.  In 
still  other  cases,  the  preparatory  period  is  more 
extended  and  the  labor  prolonged.  Some  com- 
panies go  so  far  as  to  require  a  man  who  seeks 
to  become  a  fireman  to  commence  emptying 
clinker  pits,  cleaning  and  wiping  engines,  and 
performing  such  mechanical  duties  in  connec- 
tion with  the  locomotive  as  occasion  requires. 
If  he  shows  adaptability  and  industry,  he  is  after 
a  while  given  an  opportunity  by  being  put  on 
the  Extra  Firemen  list.  Here  his  action  is  care- 
fully scrutinized.     If  he  meets  just  expectation. 
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he  is  in  due  course  made  a  regular  fireman,  the 
assistant  and  second  self  of  the  engineer.  Here, 
while  he  has  his  own  work  to  do,  and  plenty  of 
it,  he  has  an  opportunity  to  familiarize  himself 
with  the  w^ork  of  the  engineer.  The  facility  with 
which  he  does  this,  will  depend  upon  his  ability 
to  learn  and  his  desire  to  get  on  in  the  world, 
but  assuming  that  he,  not  less  than  his  older 
brother  the  engineer,  is  animated  by  an  acute 
intelligence  and  a  laudable  ambition,  he  must 
also  have,  like  the  latter,  good  health,  a  strong 
body,  and  be  free  from  intemperate  habits. 
These  latter  qualities  are  more  necessary  to 
those  connected  with  locomotives  than  to  others 
in  the  service,  although  they  are  necessary  to 
every  man  who  expects  to  achieve  success  in  life. 

It  goes  without  saying,  that  every  man  who 
seeks  to  be  a  fireman,  or  who  expects  to  become 
an  engineer,  must  have  a  good  character. 

The  practice  of  examining  into  the  qualifica- 
tions of  applicants  before  hiring  them  grows  in 
popular  practice  every  year.  Men  are  scrutin- 
ized more  carefully  than  formerly,  and  once  hav- 
ing entered  the  service,  greater  intelligence  is 
exercised  in  ascertaining  their  capacity  and  use- 
fulness. This  is  especially  true  of  those  branches 
of  the  service  where  technical  skill  is  required 
and  perfect  trustworthiness  needed.  In  the  early 
days  it  was  sufficient  that  an  applicant  for  the 
place  of  fireman  was  able  to  perform  the  work, 
which,  under  the  most  favorable  circumstances, 
is  very  severe.     Afterward,  as  experience  taught 
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the  necessity  of  it,  railroad  companies  began  to 
inquire  into  the  antecedents  of  aspirants.  By  and 
by  they  got  to  inquiring  about  their  habits,  but 
railroads  had  been  operated  in  America  sixty 
years  before  it  occurred  to  them  to  test  the  men- 
tal capacity  and  disposition  of  applicants  by  care- 
ful examinations.  As  this  could  not  very  well 
be  done  before  applicants  entered  the  service,  it 
had  to  be  done  afterward.  It  took,  in  a  general 
way,  the  shape  of  examinations  such  as  charac- 
terize those  of  students  of  law  and  medicine. 
Meanwhile,  the  general  trustworthiness  of  the 
employe  was  scrutinized  and  his  mode  of  life, 
morals,  temperament,  steadfastness  and  general 
fidelity  to  duty  carefully  studied.  If  deficient  in 
these  latter  respects,  intellectual  and  physical 
endowments  were  not  sufficient  to  outweigh 
objections.  On  the  other  hand,  if  he  possessed 
all  the  moral  qualities,  and  yet  was  deficient 
mentally  and  physically,  he  was  not  considered 
as  affording  good  material  for  a  fireman,  and, 
prospectively,  an  engineer.  Accordingly,  if  dur- 
ing the  probationary  period  he  broke  down,  or 
failed  to  answer  the  requirements  of  the  service, 
he  was  told  to  go  his  way  and  in  some  field  where 
his  capabilities  would  be  sufficient  for  the  occa- 
sion fix  his  life  occupation.  This,  instead  of  being 
a  hardship  or  injustice,  has  been  found  to  be  a 
kindness  to  applicants,  because  it  anticipates 
subsequent  failure  and  saves  them  the  waste  of 
time  and  mortification  that  would  otherwise 
ensue. 


18  DUTIES  AND  RESPONSIBILITIES 

It  also  saves  the  company,  and  incidentally  the 
public,  from  the  mishaps  that  attend  the  service 
of  men  inferior  in  mental  and  moral  qualities.  It 
not  only  enables  the  employer  to  promptly 
separate  the  capable  from  the  incapable,  but 
throws  around  the  general  public  a  measure  of 
safety  that  carriers  are  alv^ays  bound  to  con- 
sider. 

In  order  to  pass  the  examinations,  careful  study 
and  preparation,  and  experience  as  well,  are 
required.  Applicants  must  at  least  have  a  good 
common  school  education,  because  this  is  required 
of  engineers.  Once  having  entered  the  service  it 
is  manifest  that  the  efficiency  of  the  incumbent 
may  be  greatly  heightened  by  requiring  him  to 
commence  at  once  systematically  to  study  the 
problems  of  the  business  with  which  he  is  identi- 
fied, and  not  solely,  be  it  remembered,  with  a 
view  of  performing  his  present  duties  properly, 
but  with  the  further  view  of  his  being  promoted 
to  the  responsible  position  of  engineer,  at  a  given 
time,  or  thereafter  when  opportunity  occurs. 
Methods  of  procedure  vary  on  different  roads, 
according  to  men's  views  of  the  subject.  Some 
roads  do  not  make  any  examinations  at  all,  but 
the  tendency  is  more  and  more  in  that  direction 
as  their  value  becomes  more  and  more  apparent. 
The  system  which  is  elucidated  further  on,  and 
which  meets  with  the  approval  of  some  of  the 
most  experienced  and  talented  Master  Mechanics 
and   Superintendents    of   Motive  Power   in  the 
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world,*  contemplates  a  careful  and  systematic 
course  of  study.  First,  however,  the  habits  and 
antecedents  of  applicants  are  carefully  inquired 
into,  as  I  have  intimated.  Once  the  applicants 
have  passed  this  ordeal,  the  full  confidence  of 
the  company  is  accorded  them  and  ever}^  facility 
afforded  them  to  pursue  the.'r  inquiries  and  stud- 
ies so  as  to  fit  themselves  for  present  and  future 
work.  Every  official  of  the  machinery  depart- 
ment holds  himself  ready  to  answ^er  questions  or 
respond  in  other  directions  so  far  as  it  may  be 
proper  to  aid  applicants  in  this  w^ay. 

After  the  applicant  for  the  position  of  fireman 
has  passed  through  the  preliminary  stages,  what- 
ever they  may  be,  he  is  given  a  series  of  questions 
bearing  directly  on  his  future  duties  and  respon- 
sibilities as  an  engineer.  These  he  is  expected  to 
carefully  study,  and  at  the  end  of  the  time  desig- 
nated, go  before  the  master  mechanic  or  other 
authorized  officer  and  answer  them  categorically, 
with  such  other  questions  of  an  incidental  nature, 
as  are  pertinent  to  the  occasion.  However,  the 
list  of  questions  given  him  and  the  answers 
thereto  constitute  the  examination  in  the  main. 


*Among  these,  Mr.  Robert  Quayle,  who  stands  in  the  first 
rank  in  knowledge  of  railway  machinery  and  equipment  and  in 
conscientious  effort  to  make  this  great  department  of  the  ser- 
vice all  it  should  be.  He  has  no  superior  as  a  student  or  execu- 
tive, and  I  desire  here  to  thank  him  for  valuable  information 
and  assistance.  I  am  indebted  to  many  others  but  to  him 
especially  and  particularly.  M.  M.  K. 
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Having  passed  the  first  examination  success- 
fully, he  is  furnished  a  further  list  of  questions  he 
will  be  expected  to  answer.  This  constitutes  the 
second  examination.  Following  this  he  is  fur- 
nished  the  interrogatories  which  close  the  course 
of  study. 

In  regard  to  the  last  examination,  no  one  is 
ever  sent  to  take  it,  whom  the  master  mechanic 
above  him  is  not  willing  to  accept  as  an  engineer 
provided  he  successfully  passes  it.  Another  con- 
dition and  a  very  proper  one  is  that  men  sent  for- 
ward for  this  examination  shall  be  in  their  order 
of  service,  other  things  being  equal.  The  final 
examination,  which  is  so  important,  is  usually 
conducted  by  a  board  appointed  for  the  purpose. 
This  insures  impartiality  and  thoroughness, 
though  the  same  thing  can,  it  is  apparent,  be 
secured  by  an  examination  made  by  the  master 
mechanic  and  his  associates. 

All  the  examinations  having  been  passed  and 
the  applicant's  work  meanwhile  having  proven 
satisfactory,  he  is  ready  to  take  charge  of  a  loco- 
motive—  is  an  engineer  in  fact,  ready  to  fill  the 
first  position  of  the  kind  that  offers.  This  is  the 
goal  he  has  sought.     Such  is  the  procedure.* 

*  It  win  not  be  forgotten,  in  this  connection,  that  the  appli- 
cant has  long  before  this  demonstrated  his  moral  and  physical 
fitness  for  the  position  of  engineer.  Sometimes  the  physical 
examination  is  conducted  by  the  machinery  department,  and 
at  other  times  by  the  surgical  department  of  the  railroad.  As 
will  be  noticed  farther  on,  each  applicant  before  being  passed 
is  examined  with  a  view  to  ascertaining  whether  he  is  perfectly 
familiar  with  the  time  table,  or  not;  also  with  the  signals.     The 
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Different  roads  vary  the  details.  Its  merit  is 
that  it  affords  a  course  of  study,  which,  with  the 
practical  experience  of  the  fireman  meanwhile, 
makes  of  him  a  trustworthy  engineer.  This  is 
what  every  fireman  strives  for  and  what  his  em- 
ployer requires  of  him,  for  it  is  thus  engineers 
are  made. 

If  during  the  progress  of  the  examinations  can- 
didates are  unable  to  pass  or  answer  the  questions, 
it  is  generally  thought  well  to  extend  the  time  a 
reasonable  period. 

If  at  the  expiration  of  the  time  allotted  the 
applicant  is  unable  to  pass,  then  the  expediency 
of  his  seeking  other  employment  naturally  sug- 
gests itself,  and  this  last  for  two  reasons,  as  I 
have  alread}^  intimated:  First,  that  the  service 
may  not  be  clogged  by  men  who  cannot  ulti- 
mately be  promoted;  and  second,  that  applicants 
shall  not  be  allowed  to  waste  their  time  upon 
work  not  destined  to  be  of  lasting  advantage  to 
them.  And  in  this  connection  it  is  not  considered 
too  much  by  those  versed  in  such  matters  that 
applicants   shall    answer   satisfactorily,  both  in 

examinatioDS  in  regard  to  these  last  are  sometimes  conducted 
by  tlie  machinery  department,  but  more  frequently,  perhaps, 
by  the  operating  department.  Upon  many  lines,  the  superin- 
tendent is  not  satisfied  until  he  personally  ascertains  that 
those  taking  charge  of  engines  are  familiar  with  the  rules, 
familiar  with  the  time  table,  and  familiar  with  the  signals. 
The  machinery  department  looks  especially  to  the  technical 
fitness  of  those  in  charge  of  locomotives:  the  operating  depart- 
ment requires  in  addition  to  this,  perfect  familiarity  with  the 
the  rules  governing  the  movement  of  engines  and  trains  over 
\        the  road. 
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writing  and  orally,  eighty  per  cent  of  the  ques- 
tions asked  them  in  each  of  the  examinations. 

And  in  regard  to  applicants,  every  assistance 
possible  is  rendered  them,  as  already  intimated, 
and  they  are  at  liberty  to  go  to  master  mechanics, 
foremen  and  others  for  information  in  regard  to 
those  things  they  do  not  fully  understand. 

It  will  be  seen  from  the  foregoing  that  in  no 
sense  will  the  course  of  study  be  forestalled  by  the 
questions  that  are  propounded  and  the  answers 
thereto  that  are  contained  herein.  Both  the  ques- 
tions and  the  answers  applicants  will  find  it  use- 
ful to  critically  study,  as  students  pursue  their 
studies  at  universities;  but  they  must  not  only 
know  the  correct  answers  to  the  various  inter- 
rogatories (because  every  engineer  must  under- 
stand them),  but  must  understand  their  purport, 
so  that  they  can  reply  to  each  question  in  their 
own  language  and  according  to  their  understand- 
ing of  it.  They  cannot  use  the  answers  embraced 
herein— these  are  intended  to  be  merely  instruc- 
tive. They  must  frame  answers  for  themselves. 
Thus  it  will  be  seen  that,  while  the  assistance  this 
Manual  affords  will  save  them  much  inconven- 
ience and  many  inquiries,  it  will  not  save  them 
from  the  necessity  of  studying  and  framing  an 
answer  of  their  own  to  each  inquiry  that  the 
examinations  contain. 

Parallel  with  the  examinations,  and  along  the 
same  lines,  it  is  a  growing  practice  on  many  well 
managed  railroads  to  maintain  schools  of  instruc- 
tion for  the  purpose  of  teaching  train  men,  and 
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particularly  engineers  and  firemen,  in  regard  to 
the  construction,  use  and  maintenance  of  the  air- 
brake, steam-heating  apparatus,  use  of  gas  and 
electricity  for  lighting,  and  other  implements  of 
an  intricate  or  scientific  nature  that  are  used  on 
trains.  The  expense  of  this  systematic  course  of 
instruction  is  more  than  offset  by  the  increased 
efficiency  of  those  thus  instructed.  The  efforts  of 
railway  companies  in  this  direction  are  everywhere 
actively  seconded  by  their  employes,  as  it  adds  to 
their  usefulness  and  renders  more  certain  their 
promotion,  or  if  not  promotion,  then  successful 
competition  in  the  strife  for  place  and  its  reten- 
tion. Accurate  and  extended  knowledge  of  their 
duties,  aside  from  its  present  value,  cannot,  it  is 
also  apparent,  but  be  of  the  greatest  possible  use 
to  those  who  possess  it,  should  they,  through  the 
cutting  down  of  a  force  or  otherwise,  find  it  nec- 
essary to  seek  employment  elsewhere. 

The  examination  of  firemen  and  engineers  has 
been  disregarded  on  many  roads,  but  it  needs 
little  discernment  to  see  that  this  state  of  affairs 
cannot  continue  always.  Companies  lacking  this 
element  of  strength  will  not  be  able  in  the  long 
run  to  make  a  showing  as  against  companies 
whose  force  throughout  has  been  carefully 
instructed  in  technical  knowledge  of  the  highest 
order  in  regard  to  their  duties.  The  omissions 
and  mistakes  of  the  inefficient  and  the  scandals 
they  will  create,  to  say  nothing  of  the  extra 
expense  such  men  entail,  will  compel  the  compa- 
nies employing  them  to  adopt  a  more  compre- 
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hensive  plan  of  selection  and  instruction,  first 
with  a  view  of  preventing  inefficient  men  from 
entering  their  service,  or  in  case  they  have  such, 
to  weed  them  out  as  soon  as  possible  in  the  event 
they  prove  to  be  incompetent.  In  making  these 
examinations  the  railroads  will  only  forestall  the 
act  of  the  state,  for  it  is  only  a  question  of  time, 
and  a  short  time  at  that,  when  firemen  and  engi- 
neers will  be  compelled  to  go  before  a  State 
Board  for  examination  as  to  their  fitness,  the 
same  as  steamboat  engineers  are  required  to  do, 
unless  the  railroad  companies  forestall  such 
action  by  themselves  making  the  examination. 

The  questions  that  it  is  proper  to  propound  to 
applicants  for  the  position  of  engineer  are  many 
and  intricate.  The  answer  to  each  question,  it 
will  be  observed,  is  of  a  nature  to  familiarize  the 
applicant  with  his  work  and  to  make  him  of 
greater  present  usefulness,  to  say  nothing  of 
the  future.  The  sooner,  therefore,  the  applicant 
familiarizes  himself  with  his  present  and  pro- 
spective duties  the  better  for  him  and  his  em- 
ployer. The  quality  of  service  that  the  fireman 
renders  while  fitting  himself  for  promotion,  also 
operates  for  or  against  him  finally.  His  work 
during  this  period  is  compared  with  that  of 
others,  as  is  also  the  care  and  intelligence  he 
exercises  in  the  use  of  oil,  fuel  and  other  sup- 
plies. 

The  position  of  fireman,  it  is  proper  to  say,  is 
not  only  one  exacting  hard  work,  but  consider- 
able knowledge   of    detail,  so   that   he   has  an 
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opportunity  to  show  fitness  in  this  respect,  which 
is  all-important  in  the  positions  that  he  aspires 
to  fill. 

In  propounding  the  questions  that  follow,  it 
will  be  noticed  that  no  fixed  or  predetermined 
formula  is  observed.  They  are,  however,  specific 
and  such  as  are  suggested  by  the  practical 
experience  of  those  versed  in  such  matters.  I  do 
not  seek  here,  any  more  than  elsewhere,  to  be 
original,  but  rather  useful;  to  supplement  my 
limited  knowledge  wherever  possible  by  the  wider 
knowledge  and  experience  of  others.  The  par- 
ticular form  that  an  examination  shall  take  is  not 
material,  if  it  is  effective.  The  method  I  have 
followed  is  the  commonplace  one  of  interrogating 
the  applicant  by  asking  him  questions.  It  is 
probable  that  with  the  growth  of  the  service  the 
list  of  questions  will  be  extended.  That  would  be 
of  advantage  to  the  applicant  if  it  will  extend  his 
knowledge. 

In  reference  to  the  answers  to  the  various 
questions,  it  is  not  expected,  as  already  inti- 
mated, that  applicants  will  restrict  themselves 
either  to  the  scope  or  words  I  use.  The  answers 
I  give,  while  correct,  and  such  as  to  throw  a  clear 
light  on  the  subject,  are  not  exhaustive. 

The  fireman  who  passes  an  examination  is 
expected  to  answer  the  questions  correctly  or  at 
least  eighty  per  cent  of  them.  The  information 
I  give  will  help  him,  but  it  is  also  intended  be 
shall  giye  the  matter  exhaustive  thought  on  his 
own  account.     The  subject  is  a  growing  one  and 
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it  is  expected  of  firemen  as  it  is  of  every  man  con- 
nected with  railroads,  be  he  high  or  low,  that  he 
will  not  be  satisfied  with  what  he  knows,  but  will 
strive  to  keep  on  acquiring  knowledge.  I  do  not 
here  any  more  than  elsewhere  seek  to  forestall 
personal  research,  but  to  add  to  the  desire  to 
acquire  it  by  careful  study  and  thought. 

With  these  explanatory  remarks  I  will  take  up 
the  several  examinations  in  their  order,  and  first, 
the  inquiries  that  every  fireman  (whether  already 
in  the  service,  or  just  entering  it)  may  at  any 
time  expect  to  be  put  into  his  hands  to  be 
answered  at  the  end  of  some  specified  time.  A 
full  knowledge  of  the  questions  propounded  and 
the  answers  thereto  will  aid  him,  not  only  in  the 
direct  examinations  to  which  he  will  be  sub- 
jected, but  in  replying  to  collateral  questions 
wdiich  will  arise  impromptu  as  the  examinations 
proceed.  Afterwards  will  be  taken  up  the  ques- 
tions that  in  the  natural  order  of  things  will  be 
submitted  to  the  fireman  after  the  first  examina- 
tion has  passed,  to  be  answered  at  some  specified 
time.  Then  those  questions  which  constitute  the 
final  examination  and  upon  which  depends  the 
appointment  of  the  fireman  as  an  engineer.* 


*  In  the  event  a  railroad  company  does  not  require  an  exam- 
ination sucli  as  I  refer  to,  still  a  study  of  the  subject  as  here 
presented  will,  as  already  intimated,  materially  aid  firemen 
and  others  in  acquiring  the  knowledge  they  must  possess  in 
order  to  fit  them  to  run  an  engine.  The  subject  therefore,  no 
matter  how  it  presents  itself,  is  of  interest  to  them.. 
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The  questions  and  answers,  constituting  the 
three  examinations  are  generally  familiar  to  en- 
gineers. Nevertheless,  in  their  aspect  and  group- 
ing, thej^  present  new  features  that  will  prove 
interesting  and  instructive  even  to  them.  While 
designated  for  firemen  seeking  advancement,  they 
cannot  prove  otherwise  than  useful  to  such  engi- 
neers as  may,  in  the  natural  order  of  things,  be 
doubtful  as  to  their  ability  to  pass  a  critical  ex- 
amination, should  one  be  instituted  by  the  state 
or  the  railroad  company.* 

STEAM    AND     ITS    APPLICATION    TO    THE    LOCOMOTIVE. 

Before  formally  taking  up  the  examinations  al- 
ready referred  to,  it  will  be  proper  to  preface  them 
by  a  brief  description  of  the  simple  and  primary  ap- 
plication of  steam  to  the  locomotive.  I  know  that 
such  matters  are  well  understood  by  engineers 
and  firemen,  and  are  not,  therefore,  of  value  to 
them;  but  to  those  w^ho  are  not  familiar  with 
the  subject,  they  are  interesting  and  instructive. 
Books  and  lengthy  treatises  have  been  written  on 
the  subject,  but,  stripped  of  padding  and  unneces- 
sary words,  there  is  very  little  to  be  said  if  we 
omit  other  matters  relating  to  the  locomotive, 
including  that  of  the  art  of  firing,  which  things 
I  have  fully  pointed  out  elsewhere.     What  I  wish 

*They  appeal  especially,  so  far  as  they  go,  to  engineers  who 
are  not  familiar  by  practical  experience  with  present  methods 
of  firing.  The  engineer  not  familiar  with  the  needs  of  to-day 
and  the  exacting  reqniremeuts  in  regard  to  tlie  best  (scientific) 
methods  of  using  fuel  must  lose  no  time  in  becoming  so,  if  he 
desires  to  maintain  a  place  in  the  front  ranks  of   his  profession. 
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to  say  here,  therefore,  relates  simply  to  the  proc- 
ess of  getting  the  locomotive  under  way. 

The  power  that  imparts  motion  to  the  locomo- 
tive is  the  expansive  force  of  steam.  This  force, 
which  has  been  known  for  thousands  of  years, 
was  first  utilized  for  purposes  of  carriage  in  the 
early  part  of  the  nineteenth  century. 

As  stated  elsewhere,  steam  is  the  vapor  of 
water  generated  by  heating  water  above  the  boil- 
ing point.  Hence  steam  is  water  in  a  gaseous 
state  and  is  colorless  and  imperceptible  to  the 
eye.  Saturated  steam  is  steam  either  in  contact 
with  the  water  from  which  it  was  generated  or, 
if  separated  therefrom,  is  kept  at  the  same  tem- 
perature and  pressure.  Wet  steam  is  steam  not 
only  saturated,  but  also  holding  in  suspension 
unevaporated  water  in  the  form  of  minute  drops; 
it  holds  this  water  in  suspension  mechanically, 
due  either  to  the  ebulition  of  the  water  from 
which  it  is  generated  or  else  from  a  rapid  flow 
of  steam  from  near  the  surface  of  the  water,  in  a 
similar  manner  as  the  wind  off  a  rough  body  of 
water  is  noticed  to  carry  drops  of  spray.  Dry 
steam  is  the  term  usually  used  for  saturated  steam 
in  distinction  from  wet  steam.  Superheated 
steam  is  steam  removed  from  contact  with  water 
and  heated  above  the  temperature  of  the  water 
from  which  it  was  generated;  it  is  variously  called 
steam-gas,  surcharged  steam,  or  anhydrous  steam. 
Steam  more  closely  resembles  a  perfect  gas  when 
superheated  than  in  any  other  state,  and  it  is  for 
this  reason  that  in  the  locomotive  the  attempt  is 
made  to  superheat  the  steam.     The  boiler  has  a 
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dome  from  which,  and  at  quite  a  distance  above 
the  usual  water  level,  reasonably  dry  steam  is 
taken,  passed  through  a  pipe  called  the  "dry  pipe," 
and  branching  in  the  smoke-box  or  front  end 
of  the  locomotive  where  the  escaping  hot  gases 
have  a  tendency  to  superheat  it,  passes  into  the 
two  cylinders  in  which  its  energy  becomes  useful. 

In  steam,  as  in  other  gases,  there  is  a  natural 
repulsion  between  its  various  particles,  each  par- 
ticle trying  to  separate  itself  from  the  others,  so 
that  it  will  fill  the  receptacle  in  which  it  is  placed, 
regardless  of  the  quantity  of  steam  or  size  of  the 
vessel  holding  it.  Its  natural  tendency  is  to 
expand  and  thus  push  out  whatever  resists  expan- 
sion.  If  the  steam  is  enclosed  and  superheated, 
therefore,  as  in  the  case  of  alocomotive  boiler,  the 
natural  tendency  of  its  particles  to  separate  is 
intensified  and  we  thus  obtain,  according  to  its 
quantity  or  volume,  the  steam  pressure  required. 

The  vapor  seen  escaping  from  a  vessel  of  boil- 
ing water,  or  rolling  in  clouds  from  the  exhaust 
pipe  of  a  locomotive,  is  only  a  modification  or 
diluted  agent  of  the  mighty  force  that  does  so 
much  of  the  world's  work.  This  vapor  is  steam 
that  is  resolving  itself  back  into  water;  the 
change  or  condensation  which  is  visible  is  caused 
by  its  contact  with  the  cold  air.  Ileal  steam,  as 
just  stated,  is  an  invisible  gas,  or,  rather,  a  trans- 
parent fiuid,  really  water  changed  into  gas  by 
the  action  of  heat.  Accordingly,  to  make  the 
steam  that  an  engine  requires  water  must  be 
boiled.  To  hasten  this  and  to  lessen  the  cost, 
the  boiler  is  permeated  with  tubes,  or  fines,  con- 
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necting  with  the  fire-box,  into  which  the  flames 
therefrom  are  drawn,  thus  multiplying  the  heat- 
ing surface  and,  in  so  far  as  this  is  done,  hasten- 
ing the  boiling  of  the  water  and  the  generation 
of  steam.*  As  the  water  is  transformed  into 
steam  it  rises  into  the  dome,  as  will  be  seen  by 
reference  to  the  diagram  of  the  locomotive.  From 
there  it  is  released  by  opening  the  throttle  valve 
and  is  thence  conveyed,  through  what  is  known 
as  the  dry  pipe  and  steam  pipes,  through  the 
steam  chest,  thence  to  the  cylinders. 

It  is,  as  is  well  known,  the  expansive  power  of 
the  steam  operating  through  the  mechanism  of 
the  cylinders  that  affords  the  propelling  power 
of  the  locomotive. t 

In  order  to  utilize  this  power  there  is  connected 
with  the  cylinders  a  steam  box  which  is  com- 
monly termed  the  steam  chest,  in  which  there  is 
a  slide  valve,  under  which  are  three  ports  or  open- 
ings, one  leading  to  each  end  of  the  cylinder,  and, 
the  third  leading  to  the  atmosphere.  The  slide 
valve  has  a  reciprocating  movement  whereby 
these  ports  are  opened  or  closed.  Motion  to  the 
valve  is  imparted  by  the  revolving  driving- w^heel 
axles  in  various  ways,  the  most  common  of  which 
is  by  means  of  eccentrics  and  links  with  connec- 
tions to  the  valve  stems,  as  fully  explained  and 
illustrated   elsewhere    herein.     The   cylinder  is 

*This  as  well  as  other  matters  relating  to  the  construction 
and  appliances  of  locomotives  is  illustrated  and  described  else- 
where herein. 

fFor  diagrams  of  the  various  cylinders  and  the  action  of  the 
steam  therein,  see  various  cuts  contained  in  this  work,  both  of 
the  simple  and  compound  patterns. 
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fitted  Avith  a  piston.  This  is  movable  bacK  and 
forth  from  one  end  of  the  cylinder  to  the  other. 
Thus  the  steam  from  the  boiler  is  introduced 
through  the  steam  chest  into  one  end  of  the 
cylinder  and  forces  the  piston  to  the  opposite 
end;  then  the  valve  opens  the  port  at  the  other 
end  of  the  steam  chest  and  allows  the  steam  to 
enter  at  the  opposite  end  of  the  cylinder,  and  at 
the  same  time  connecting  the  other  side  of  the 
piston  with  the  atmosphere,  thus  allowing  the 
steam  just  used  to  escape;  this  reversal  of  pressure 
upon  it  forces  the  piston  back  to  the  place  whence 
it  first  started.  The  escape  to  the  atmosphere 
takes  place  through  the  smokestack  in  order  to 
create  a  greater  draught  on  the  fire.  This  action 
back  and  forth,  at  first  slow,  is  almost  incon- 
ceivably rapid  when  the  locomotive  is  under  full 
headway.  The  piston  described  is  in  its  turn, 
attached  to  a  rod  which  works  through  a  closely 
fitting  opening  in  the  back  end  of  the  cylin- 
der. In  this  way  the  motion  is  carried  out- 
side of  and  beyond  the  cylinder.  To  the  end 
of  the  piston  rod  just  referred  to  is  attached 
the  connecting  rod  wliich,  in  turn,  is  attached 
to  the  crank  or  revolving  shaft  of  the  driver. 
The  backward  and  forward  motion  of  the 
X)iston  (called  ''reciprocating  motion")  is 
thus  converted  into  a  revolving  or  rotary  motion. 
It  is  observed,  however,  that  the  connecting  rod, 
when  it  has  carried  the  crank  backward  or  for- 
ward as  far  as  it  will  go,  loses  its  reciprocating 
motion  and  the  piston  will  no  longer  produce  a 
rotary  motion.     These  positions  of  the  crank  are 
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called  its  dead  points.  In  the  stationary  engine 
this  is  ov^ercome  by  a  fly  wheel,  the  momentum 
of  which  carries  the  crank  past  the  dead  points; 
then,  too,  stationary  engines  of  one  cylinder  are 
not  required  to  frequently  stop  and  start  with  a 
load,  as  are  locomotives.  In  the  case  of  a  loco- 
motive the  obstacle  is  obviated  by  having  two 
cylinders  with  cranks,  placed  at  right  angles  to 
each  other  and  on  the  same  axle;  also,  as  the 
service  demands  the  movement  of  the  locomotive 
in  either  direction,  backward  or  forward,  the 
valve  motion  is  so  constructed  that  the  engine  is 
reversible. 

It  is  thus  that  the  steam  is  generated  and  its 
power  applied.  I  would  in  this  connection  refer 
the  reader  to  the  chapter  on  ''Description  of  the 
Locomotive."* 


^See  ''Railway  Equipment,''  Vol.  I. 
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ENGINEERS. 

fireman's  first  examination. 

How  long  have  you  been  in  the  service?"^ 

How  long  have  you  served  as  a  fireman? 

What  should  you  do  on  arrival  at  the  round- 
house previous  to  your  departure  therefrom  with 
your  locomotive?  I  should  draw  the  necessary 
supplies  and  see  that  the  lubricators,  lamps,  oil 
cans,  tank  and  sand  boxes  are  filled.  If  the  coal 
be  bituminous,  I  should  see  that  it  is  broken  and 
wet  down,  that  the  cab  and  its  fittings  are  wiped, 
the  ashpan  cleaned,  and  the  grates  straight,  so 
that  coal  will  not  drop  through  them. 

When  on  duty,  do  you  compare  your  watch 
with  that  of  the  engineer  to  see  that  they  agree? 

As  it  is  the  duty  of  the  engineer  to  show  you 
any  train  orders  that  he  receives,  are  you  par- 
ticular to  see  that  the  rule  is  always  observed  ? 

Are  you  familiar  with  the  signals? 


*Iii  the  army  and  navy,  fitness  being  the  same,  promotion 
is  dependent  on  length  of  service.  Promotion  in  the  railway 
world  also  depends  on  length  of  service,  provided  the  qualifica- 
tions of  applicants  are  alike.  Continued  and  trusted  service, 
it  will  thus  be  seen,  in  the  employ  of  a  particular  railroad 
company  is  a  matter  of  the  greatest  importance  to  those  who 
seek  preferment. 

(34) 
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e  locomotive  and  giving  the  names  by  Which  they  are  known  to  those  connected  with  the  Motive  Power  Department.    Itis  at  once  aChaPtandanEnoyolopBadla,  csohpart  of  il 

may  be  recognized  and  Quickly  referred  t&  ^^^m. 
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Please  describe  them.* 

In  addition  to  the  danger  signals  enumerated, 
is  there  any  other  signal  that  3'ou  consider  a  dan- 
ger signal?  Yes,  any  violent  motion  made  in 
front  of  a  train. 

What  is  the  source  of  the  power  of  a  locomo- 
tive?    Heat. 

What  is  steam?  Vapor,  generated  by  heating 
water  above  the  boiling  point. 

What  do  you  understand  by  the  pressure  indi- 
cated by  the  steam  gauge?  The  pressure  of  steam 
in  pounds  per  square  inch  above  atmospheric 
pressure. 

What  is  meant  by  atmospheric  pressure?  The 
weight  or  pressure  of  the  atmosphere,  namely: 
about  fifteen  pounds  per  square  inch  at  sea-level. 

Has  a  locomotive  a  natural  or  a  forced  draught 
while  working?     It  has  a  forced  draught. 

Why  ?  Because  of  the  exhaust  steam  escaping 
through  the  smokestack. 

How  does  the  exhaust  steam  create  a  draught 
through  the  fire?  By  forming  a  partial  vacuum 
in  the  smoke-box  and  in  the  flues,  which  the  hot 
air  from  the  fire-box  rushes  in  to  fill,  thus  creat- 
ing a  draught. 


*The  hand  signals  that  emploj^es  use, 'also  the  signals  that 
are  carried  on  locomotives  and  cars  (indicating  particular 
things),  also  the  signals  connected  M'ith  the  track,  are  fully  de- 
scribed and  illustrated  in  the  book  on  "Train  Service"  in  the 
Science  of  Eailways.  Any  one  seeking  to  be  an  engineer,  or  to 
answer  the  questions  connected  therewith,  is  respectfully  re- 
ferred to  the  book  in  question,  as  it  will  without  doubt  facilitate 
their  research  and  knowledge  of  railway  practice. 
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What  good  effect  is  produced  b}^  opening  the 
fire-box  door  when  the  engine  is  at  work?  By 
partially  opening  the  door  black  smoke  and  pop- 
ping are  prevented.* 

What  bad  effect  is  produced  by  opening  the 
fire-box  door  when  the  engine  is  at  work?  The 
chilling  of  flues  and  sheets,  and  thereby,  through 
contraction,  causing  them  to  leak  and  warp.f  ^ 

Is  it  necessary  to  have  a  large  quantity  of  air  to 
generate  steam  rapidly?  It  is,  as  the  air  supi3lies 
more  than  half  the  elements  for  combustion. 

Does  this  apply  to  a  heavy  fire  as  well  as  a 
light  one?  Yes,  the  heavier  the  fire  the  greater 
the  quantity  of  air  required. 

Has  improper  firing  any  tendency  to  cause  flues 
to  leak?  Yes,  in  so  far  as  it  permits  the  cold  air 
to  strike  the  flues  unnecessarily. 

Define  black  smoke.  Black  smoke  consists  of 
a  mixture  of  gases  and  carbon.  The  greater  part 
of  it  is  carbon,  which  is  unconsumed  fuel. 

*Poppin^.  Locomotive  boilers  are  constructed  to  hold  a 
steam  pressure  of  a  certain  number  of  pounds  per  square  inch 
(the  maximum  is  about  200  pounds),  and  are  fitted  with  two 
safety  valves,  regulated  by  springs,  to  hold  that  number  of 
pounds.  When  the  steam  pressure  exceeds  that  amount  the 
valves  open  and  allow  the  steam  to  escape  until  the  pressure  is 
reduced.  The  escape  of  steam  through  the  (pop)  valve  is  called 
"popping"  or  "blowing  off." 

tThe  reason  flues  leak  when  exposed  to  cold  air  is  that  the 
fire  expands  tlie  Hues  and  flue  sheet  (to  which  the  flues  are  fas- 
tened), and  when  the  cold  air  strikes  them  they  contract  and 
the  flues  being  lighter  than  the  flue  sheet,  they  contract  faster 
leaving  an  opening  between  the  flue  and  its  hole  in  the  flue  sheet' 
Pumping  a  great  quantity  of  cold  water  rapidlv  into  a  hot  boiler 
will  have  the  same  efl'ect. 
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How  can  black  smoke  be  avoided?  By  care- 
ful and  scientific  firing. 

Why  should  black  smoke  be  prevented?  To 
save  fuel  and  avoid  dirt  and  annoyance  to  the 
public. 

Has  it  been  proven  in  practical  service  that 
proper  firing  will  prevent  black  smoke?     It  has. 

How  is  such  firing  accomplished?  By  the 
single  shovelful  process,  or  never  putting  into  the 
fire-box,  at  most,  but  two  shovelsful  at  one  time. 

Is  this  manner  of  firing  productive  of  economy 
of  fuel?  It  is;  a  saving  of  between  15  and  20 
per  cent,  has  been  obtained  in  actual  service.  It 
will  also  cause  a  more  nearly  uniform  tempera- 
ture to  be  maintained  in  the  fire-box,  thus 
lengthening  the  life  of  the  flues  as  well  as  im- 
proving the  steaming  qualities  of  a  locomotive. 

Does  the  size  of  the  exhaust  nozzle  affect  the 
fire?*     Yes,  by  affecting  the  draught  on  the  fire. 

When  the  amount  of  fuel  burned  is  greater  in 


the   front  end  of  the 
box  than  in  the  back 


fire- 
end. 


JFV.v.Z. 


JP'i^  3. 


*The  exhaust  pipe,  as  its  name  im- 
plies, is  a  pipe  for  carrying  the  ex- 
haust steam  from  the  cvliuders  to 
the  smoke-box  of  the  engine  and  so 
through  the  smokestack.  Suitably 
attached  to  the  upper  end  of  the 
exhaust  pipe  is  the  exhaust  tip  or 
nozzle,  the  size  of  which  is  altered 
in  accordance  with  the  draught  re- 
quirements of  the  engine — a  small 
exhaust  creates  a  powerful  draught, 
and  vice  versa.  (See  Figs.  2  and  3 
The  steam  is  carried  to  the  smoke-  J^irigle 
stack  for  the  purpose  of  creating  a 
forced  draught  through  the  fire-box. 


A 


.JOoi^hLe, 


E:xh,iiTL^tIKjfe^' 
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what  does  it  denote?  It  denotes  that  tlie  greatest 
amount  of  draught  passes  through  the  bottom 
Hues. 

When  the  amount  of  fuel  burned  is  greatest 
under  the  fire-box  door,  what  does  it  indicate? 


r-iy  4. 

UmvL^hJt  Jlppiitx.tvce.s^  iri/SmoHe'Box. 

It  indicates  that  the  greatest  amount  of  draught 
passes  through  the  top  Hues. 

How  can  these  defects  be  remedied?  By 
adjusting  the  draught  appliances  in  the  smoke- 
box  of  the  engine. 
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What  is  meant  by  the  ''draught  appliances"  of 
a  locomotive?  The  diaphram,  the  petticoat-pipe 
or  pipes,  the  exhaust  pipe  and  nozzle,  and  the 
netting.     (See  Fig.  4.) 

How  often  should  grates  be  shaken?  They 
should  be  shaken  as  often  as  is  necessary  to  keep 
ashes  and  clinkers  from  forming  on  them;  it 
depends  very  much  upon  the  kind  of  coal  used. 

What  causes  an  excessive  "pull"  on  the  fire- 
box door?* 

What  is  the  result  of  opening  the  fire-box  door 
when  the  engine  is  working?  The  temperature 
is  lowered  in  the  fire-box  and  flues. 

Why  is  it  important  that  bituminous  coal 
should  be  broken  into  the  size  of  an  ordinary 
apple  before  it  is  put  into  the  fire-box?  Because 
it  increases  the  exposed  surface  and  can  be  better 
spread  over  the  fire. 

Why  should  the  coal  be  wet?  To  prevent  dust 
and  dirt  and  to  give  weight  to  fine  coal. 

What  should  be  the  condition  of  the  fire  when 
a  stop  is  made  at  a  station  or  when  the  bottom 
of  a  long  down  grade  is  reached?  The  fire  should 
be  burned  down  so  as  to  prevent  the  engine  either 
blowing  off  or  emitting  black  smoke. 

What  is  the  proper  method  of  using  dampers? 
The  dampers  should  be  closed  when  the  engine 
is  not  working.     The  back  dampers  should  at  all 

*A  "pull"  on  the  fire-box  door  is  caused  by  the  partial  vacuum 
alwaj'S  existing  in  the  fire-box  and  smoke-box  when  there  is  a 
forced  draught.  This  draught  pulls  the  door  shut,  or  holds  it 
when  it  is  sought  to  open  it.  If  the  fire-box  is  not  kept  free  of 
clinkers  and  ashes,  thus  permitting  the  passage  of  air  through 
the  fire,  there  will  be  a  stronger  pull  on  the  fire-box  door. 
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other  times  be  used  solely  (if  possible)  when  the 
engine  has  a  single  ash-pan. 

If  the  engineer  keeps  the  injector  working  after 
the  engine  has  been  shut  off,  in  what  condition 
should  the  fire  be  kept?  The  fire  should  be  kept 
burning  brightly,  using  the  blower  lightly  (if 
necessary)  in  order  to  keep  the  boiler  at  the 
proper  temperature. 

Is  blowing  off  at  the  pop  valves  wasteful  ?  Yes. 
It  causes  a  waste  of  steam,  and  consequently  a 
waste  of  fuel. 

Describe  a  blower.  It  consists  of  a  cock  on 
the  boiler-head  with  a  pipe  coupled  to  it,  lead- 
ing to  and  terminating  in  the  smoke-box,  and 
pointing  upward  toward  the  stack  near  the  nozzle. 
(SeeFig.  5,  alsoPlatel.) 


Fig.  5. 

What  is  the  use  of  a  blower?  Its  use  is  to 
create  a  forced  draught  on  the  fire  when  the  engine 
is  not  working. 

Explain  how  the  blower  may  be  used  improp- 
erly.    By  using  it  too  strongly  while  the  fire-box 
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and  grates  are  ])eing  freed  from  ashes  and  clink- 
ers, or  while  the  door  of  the  fire-box  is  open,  when 
there  is  only  a  light  or  poor  fire,  thus  forcing  cold 
air  through  the  flues,  causing  them  to  contract 
and  leak. 

Are  you  studying  the  subject  of  comlnistion? 

In  what  way  are  the  draught  holes  in  the  fire- 
])ox  door  and  the  deflector  inside  of  the  furnace  a 
benefit?  By  permitting  the  oxygen  to  come  in 
contact  with  the  carbon  and  hydro-carbons,  thus 
creating  a  more  perfect  combustion. 

Do  you,  in  the  interest  of  the  company,  and  for 
your  own  benefit  as  well,  aid  and  assist  the  engi- 
neer in  the  performance  of  his  duties  w^henever 
you  can? 

How  much  coal  do  you  burn  per  engine  mile 
and  per  mile  per  unit  of  tons  hauled?* 

What  is  the  comparison  in  this  respect  between 
your  record  and  others  in  the  same  service? 

How  do  you  account  for  any  differences  there 
may  be? 

If  your  engine  runs  two  round  trips  over  a 
division  of  109  miles  with  one  filling  of  the  lub- 
ricator, how  far  are  you  running  to  the  pint  of 
valve  oil,  if  the  lubricator  holds  3  pints?  109x2  = 
218,  round  trip.  218x2  =  436  miles  to  3  pints. 
436-=-3  =  145i  miles  run  to  the  pint  of  valve  oil. 

If  you  use  8  pints  of  engine  oil  in  the  same 
distance  what  is  your  mileage  per  pint  of  engine 
oil?  436  (miles) -^ 8= 54 i  miles  per  pint  of  en- 
gine oil. 


*Statistics  of  companies   are   sometimes  based  on  the  engine 
mileage  and  sometimes  on  the  pounds   of  coal  burned  per  i6^0- 
ton-mileSy  i.  e.,  in  hauling  100  tons  one  mile  or  one  ton  100  mile.''\ 
4  vol  la 
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What  is  your  mileage  per  pint  of  lubricating 
oil  (both  engine  and  valve  oil)?  3+8  =  11  pints; 
436  (miles)-j-ll  =  39.64  miles  per  pint  lubricating 
oil. 

Should  you  burn  18  tons  of  coal  per  round  trip, 
what  would  be  your  engine  mileage  per  ton? 
218-18  =  12.11  (Answer). 

If  you  hauled  1,000  tons  each  way  over  the 
division  on  this  trip,  burning  18  tons  or  36,000 
pounds  of  coal,  how  much  coal  would  you  burn 
per  100-fon-miIes?  1,000x218-218,000  ton  miles 
or  2,180  100-ton-mUes.  36,000  (pounds)-^2,180= 
16.52  xjounds  coal  burned  -per  100-ton-miIes. 

Suppose  that  you  should  pull  only  a  caboose 
car  weighing  20  tons  and  burn  3  tons  for  the 
round  trip,  how  many  pounds  of  coal  would  you 
burn  to  the  100-ton  miles,  and  would  this  increase 
or  reduce  your  average  for  the  month?  3  tons= 
6,000  pounds.  218  (miles)x20  (tons)  =  4,360  ton- 
miles  or  only  43.6  :?^()-fon-m?7gs.  6,000-43.6=137.6 
pounds  of  coal  per  100-ton-miles.  It  is  evident  by 
comparison  with  the  preceding  example,  where  a 
full  train  was  hauled  and  only  16.52  pounds  burned 
per  100-ton  miles,  that  this  one  trip,  requiring  137.6 
pounds,  or  over  eight  times  as  much,  will  make 
your  monthly  record  higher  than  it  would  be 
otherwise.  Heavy  trains  every  day  in  the  month 
make  the  best  shoAving  on  the  ton-mileage  basis. 

How  would  this  trip  affect  the  records  if  taken 
on  the  encjine  mileage  basis?  If  you  made  218 
miles  with  3  tons  of  coal  that  would  be  72  2-3 
miles  run  per  ton  of  coal.  But,  in  the  former 
example,  as  your  engine  mileage  with  a  full  train 
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was  only  12.11  miles  per  ton  of  coal,  it  is  evident 
this  trip  of  over  72  miles  per  ton  would  increase 
your  monthly  average. 

Can  you  locate  the  different  parts  of  a  locomo- 
tive and  give  their  proper  names ?'^ 

Do  you  keep  the  engine  which  you  hre  in  as 
clean  a  condition  as  circumstances  permit? 

What  are  your  views  regarding  the  use  of  fuel, 
coal,  and  other  supi^lies  and  tools  ?  They  should 
be  used  carefully,  with  a  view  to  the  greatest 
possible  economy  consistent  with  effective  service. 

Do  you  comply  cheerfully  with  all  orders  ema- 
nating from  your  superiors  in  the  service? 

What  is  of  supreme  importance  to  an  engine  or 
train  when  on  the  road  ?  Their  right  to  be  there 
and  their  due  and  proper  protection. 

If  you  should  discover  that  a  fixed  signal  was 
missing  or  imperfectly  displayed,  what  would  it 
be  your  duty  to  do?  It  would  be  my  duty  to 
notify  the  engineer  at  once. 

The  foregoing  constitutes  the  first  examina- 
tion. It  is  very  simple  and  easily  learned.  How- 
ever, it  is  desired  that  the  student  should  mean- 
w^hile  extend  his  knowledge  in  other  directions. 
Among  other  things,  he  should  familiarize  him- 

*The  reader  will  note  that  the  fine  engraving  of  the  locomo- 
tive (Plate  I.)  used  in  Railway  Equipment,  Vol  I.,  has  been 
introdnced  into  this  volume  as  well,  in  order  that  reference 
inereto  may  be  the  more  easily  had.  This  complete  chart, 
naming  each  and  every  part  of  a  locomotive,  will  be  found  ex- 
tremely valuable  to  any  one  \yho  seeks  to  familiarize  himself 
with  the  intricate  machinery  and  the  names  of  the  different 
parts  of  a  locomotive.  The  reference  numbers  throughout  this 
manual  which  are  inclosed  in  brackets,  refer  to  the  number  of 
the  part  designated  by  Plate  I.,  and  !?houId  be  carefully  studied. 
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self  in  a  practical  way  with  the  construction  and 
working  of  the  locomotive.* 


*It  is  proper  to  repeat  here  that  the  inquiries  and  replies  as 
embodied  in  this  and  the  succeeding  sections  will  vary  more  or 
less  on  the  different  roads  that  take  up  the  system  of  progress- 
ive examinations,  hut  whatever  they  may  be,  the  knowledge 
embraced  in  these  inquiries  and  the  replies  thereto  will  not  only 
greatly  facilitate  the  fireman  in  passing  his  examination,  but 
will  be  a  benefit  to  him  in  all  his  subsequent  career. 
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firemen's  second  examination. 

Note. — As  indicated  in  a  preceding  foot  note,  the  book  on 
Bailway  Equijmient  of  tliis  series,  will  be  found  lo  contain 
a  carefully  prepared  diagram  of  the  locomotive  in  which  the 
different  parts  are  numbered.  These  parts  are  frequently  re- 
ferred to  in  the  examinations  which  follow.  By  reference  to 
the  number  indicated,  the  reader  will  be  able  to  locate  the 
particular  thing  referred  to.  This  reference,  while  possibly 
not  necessary  in  every  case,  will,  nevertheless,  make  the  exam- 
ination more  easily  understood. 

The  questions  that  suggest  themselves  in  con- 
nection with  the  second  examination,  and  the 
answers  thereto,  are  as  follows: 

What  has  been  the  average  amount  of  coal  (or 
wood)  consumed  per  mile  run,  or  per  mile  per 
unit  of  tons  hauled,  by  the  engine  fired  by  you 
during  the  past  year?^' 

How  many  firemen,  if  any,  have  done  better 
than  this? 

What  are  your  relations  with  your  engineer? 
(They  should  be  of  an  amicable  nature,  so  that 
you  may  freely  and  fully  discuss  with  him  every 
matter  pertaining  to  your  duties.) 

What  are  your  views  in  reference  to  the  use 
of  intoxicating  liquors?     (The  occasional  use  of 

*Upon  many  roads  statistics  of  this  kind  are  based  upon  the 
miles  run  by  the  locomotive.  A  much  better  basis,  however, 
when  it  is  practicable,  is  the  tons  hauled  by  the  locomotive. 

(45) 
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intoxicating  liquors,  if  continued,  results  finally 
in  their  frequent  and  habitual  use.  This  is  not 
always  the  case,  but  as  a  rule  tippling  results 
finally  in  the  participant  becoming  a  drunkard. 
No  one,  of  course,  who  indulges  in  the  use  of 
liquor  ever  believes  such  will  be  his  case.) 

Do  you  work  to  the  best  of  your  ability  for  the 
interests  of  your  emx3loyer,  and  are  you  economi- 
cal in  the  use  of  tools,  fuel  and  supplies?  Yes,  I 
consider  the  interests  of  my  employer  as  my  own, 
and  therefore  economize  in  the  use  of  supplies  as 
if  paid  for  by  myself. 

Do  you  understand  the  principle  of  combus- 
tion? 

What  is  it?  It  is  the  uniting  with  oxygen  of 
any  combustible  material  that  has  been  heated 
to  the  ]3oint  of  ignition. 

What  is  carbon  ?  It  is  the  element  which  forms 
the  chief  part  of  every  kind  of  solid  fuel. 

From  what  is  oxygen  obtained?  From  the 
atmosphere. 

What  other  gas  does  the  atmosphere  contain? 
Nitrogen. 

Which  element  forms  the  greater  portion  of 
the  atmosphere  ?  Nitrogen  has  a  volume  of  four 
parts  to  one  of  oxygen,  but  by  weight  is  only 
double  the  latter. 

To  cause  comx)lete  combustion  of  one  pound  of 
coal,  how  large  a  volume  of  air  is  required  with 
the  forced  draught  of  a  locomotive?  About  300 
cubic  feet;  and  as  each  shovelful  of  coal  contains 
15  to  20  pounds,  the  necessity  of  free  admission 
of  air  to  the  fire  is  apparent. 
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Describe  the  general  form  of  a  locomotive 
boiler?  It  is  cylindrical  in  form.  It  has,  usually, 
a  rectangular  shaped  fire-box  at  one  end  and  a 
smoke-box  at  the  other  end.  Flues  run  through 
the  cylindrical  part,  which,  like  the  fire-box,  are 
surrounded  by  water. 

Why  are  these  parts  surrounded  by  water?  In 
order  that  steam  may  be  generated  quickly  and 
in  as  large  a  quantity  as  possible,  by  presenting 
the  greatest  practicable  surface  to  the  action  of 
the  heat. 

Describe  a  locomotive  fire-box.  The  modern 
form  is  a  rectangular  shaped  structure  located  at 
the  back  end  of  the  boiler.  It  has  a  door  and  is 
composed  of  side-sheets,  a  crown-sheet,  a  back- 
sheet  and  a  flue-sheet  from  which  the  flues  run 
to  the  smoke-box  located  in  the  front  end  of  the 
engine.     (See  Fig.  6.) 

To  what  kind  of  a  strain  is  the  fire-box  sub- 
jected?    It  is  subjected  to  a  crushing  strain. 

How  are  the  sheets  of  the  fire-box  supported? 
They  are  supported  by  means  of  stay-bolts 
screwed  through  the  inside  and  outside  sheets 
and  are  riveted  together.     (See  Fig.  7.) 

What  is  the  object  of  hollow  stay-bolts  or  of 
"detector  holes"  in  stay-bolts?  To  immediately 
indicate  by  the  escape  of  steam  through  this 
small  (detector)  hole  that  the  stay-bolt  is 
broken.* 

*A  "detector  hole"  is  a  small  one-eighth  or  three-sixteenth 
inch  hole  drilled  in  the  center  of  the  outer  end  of  a  stay-bolt  to 
a  depth  somewhat  greater  than  the  thickness  of  the  outside  sheet 
of  the  fire-box.  (See  Fig.  7.)  This  practice  is  based  upon  the 
fact  that  it  is  at  the  outer  end  that  a  stay-bolt  usually  breaks. 
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In  what  manner  is  the  crown-sheet  supported? 
By  means  of  crown  bars  or  radial  stay-bolts. 
(See  Fig.  6.) 

What  annoying  feature  is  there  connected  with 
crown  bars?  They  are  hard  to  keep  clean,  and 
cause  ''mud-burnt"  crown-sheets.* 


What  is  the  advantage  of  the  radial  stayed 
crown-sheet?  It  is  comparatively  easy  to  keep 
clean  and  cheaper  to  repair. 

*VVlien  crown  bars  are  used,  the  top  of  the  fire-box  is  Hat  and 
hence  offers  a  considerable  surface  for  the  settling  of  uuid  and 
olher  incrustating  matter.  With  the  radial  stayed  lire-boxes  the 
top  of  the  fire-box  is  the  arc  of  a  circle  and  consecjuently  less 
of  such  matter  can  settle  thereon.  If  a  layer  of  mud  or  other 
poor  conductor  of  heat  settles  upon  the  crown-sheet,  the  water 
is  kept  from  contact  with  it  and  the  sheet  is  overheated  and 
becomes  burned. 
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How  are  the  inside  and  outside  sheets  of  the 
fire-box  secured  at  the  bottom  ?  They  are  riveted 
to  a  wrought  iron  ring  called  the  mud-ring.  (See 
Fig.  6.) 

What  are  below  this?  The  grate-frame,  ash- 
pan,  grates,  lever  for  shaking  grates  and  dumping 
the  fire.     (Nos.  139,  164  and  165  of  Plate  I.) 

Describe  the  ash-pan  and  its  uses?  It  is  a 
receptacle  secured  to  the  bottom  of  the  fire-box 
and  is  provided  with  two  or  more  dampers 
designed  to  regulate  the  admission  of  air  to  the 
fire.  It  collects  the  ashes  dropped  from  the  fire- 
box and  thus  prevents  their  setting  fire  to 
bridges,  cattle-guards  and  other  property  else- 
where along  the  road. 

What  is  the  so-called  wagon-top  boiler?  It  is 
a  boiler  which  has  the  fire-box  end  made  larger 
than  the  cylindrical  part  in  order  to  i^rovide  more 
steam  space. 

Why  are  boilers  provided  with  steam  domes? 
In  order  to  furnish  more  steam  s^^ace,  obtain 
dryer  steam,  and  provide  a  place  for  the  steam- 
pipe  (191),  throttle  valves  (195),  safety-valves 
(201)  and  whistle  (202). 

What  must  be  the  condition  of  the  boiler  in 
order  to  give  satisfactory  results?  It  must  have 
a  good  circulation  and  be  clean  and  free  from  in- 
crustation of  any  nature,  such  as  scale,  mud,  etc. 

What  is  meant  by  the  ''circulation''  of  a 
boiler?  The  free  movement  of  the  water,  so  that 
it  may  come  in  contact  with  the  heating  surfaces, 
and  after  being  converted  into  steam,  be  imme- 
diately replaced  by  fresh  supplies  of  water. 
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What  would  be  the  effect  if  the  leg  ot  the 
boiler  became  filled  with  mad?  There  would  be 
no  water  in  contact  with  the  heated  sheets  and 
they  would  in  consequence  quickly  become  blis- 
tered or  "mud-burnt."* 

What  would  be  the  result  if  the  sheets  should 
become  overheated?  They  w^ould  be  forced  off 
the  stay-bolts  and  an  explosion  would  occur. 

What  effect  is  occasioned  by  the  stoppage  of 
one  or  more  flues?  The  heating  surface  and 
draught  are  decreased  by  just  so  much. 

Why  are  the  boiler  check  valves  (121  and  Fig. 
9"^)  placed  so  far  away  from  the  fire-box?  In 
order  to  introduce  the  water  into  the  boiler  as 
great  a  distance  from  the  fire  as  possible.  This 
permits  the  water  to  become  somewhat  heated 
before  coming  in  contact  with  the  fire-box  and 
also  tends  to  better  circulation. 

Where  is  the  steam  generated,  and  in  what 
manner  is  its  power  transmitted  to  the  locomo- 
tive? It  is  generated  where  the  water  comes 
into  contact  with  the  heated  surfaces  and  after- 
ward rises  to  the  top  of  the  boiler.  It  passes 
thence  through  the  throttle  valve  (195)  and  dry 
pipe  (191)  into  the  steam  pipes  (33)  in  the  front 
end  (14)  and  so  on  to  the  steam  chests  (44). 
From  there  it  passes  through  the  steam  ports  (56) 
at  each  end  of  the  cylinders  (57)  when  uncov- 
ered by  the  valve  (47),  and  coming  in  contact 
with  the  piston  (61),  pushes  it  away  from  the  cylin- 
der head  (64)  until  the  opposite  steam  port  (56) 

*The  narrow  water  space  between  the  inside  and  outside 
sheets  of  the  fire-box  is  termed  the  "leg"  of  a  boiler. 
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is  uncovered  by  the  valve,  and  at  the  end  of  the 
stroke  the  reverse  motion  is  induced  by  the  steam 
entering  the  opposite  side  of  the  valve  (47)  and 
pushing  against  the  piston  in  the  opposite  direc- 
tion. Simultaneously  the  first  steam  port  is 
brought  into  connection  with  the  exhaust  open- 
ing (54),  and  thus  the  steam  that  has  been  used 
escapes  into  the  atmosphere  through  the  exhaust 
pipe  (31  and  32)  and  smokestack  (38).  (See 
Plate  I.  and  Fig.  6.) 

What  quantity  of  water  ought  to  be  evaporated 
in  a  locomotive  boiler  to  a  pound  of  coal?  Six 
to  eight  pounds,  according  to  circumstances. 

What  are  the  advantages  of  the  arch  in  the  lo- 
comotive fire-box  ?  It  induces  a  more  perfect  com- 
bustion by  retaining  the  gases  in  the  fire-box 
until  they  have  reached  the  igniting  point.  It 
thus  prevents,  partially  at  least,  black  smoke  by 
giving  the  fire  time  to  consume  the  carbon  and 
gases.  It  also  partially  heats  the  cold  air  before 
it  enters  the  flues,  and  otherwise  acts  as  a  deflect- 
or on  the  flre. 

What  is  the  advantage  of  extending  the  front 
end  (14)  of  the  boiler?  (See  also  Figs.  4  and  6.) 
It  serves  as  a  receptacle  for  sparks,  which,  if  not 
confined,  would  be  ejected  through  the  smoke- 
stack, thus  causing  discomfort  to  the  public  and 
danger  to  property. 

What  provision  is  made  in  this  extended  front 
end  (14)  for  the  regulation  of  the  draft?  It  con- 
tains the  exhaust  nozzle  (32),  the  so-called  petti- 
coat-pipe (36),  and  an  adjustable  defiecting 
plate  or  diaphram  (27).     (See  also  Fig.  4.) 
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What  is  the  purpose  of  the  safety  valve  (201) 
and  how  does  it  operate  ^  Its  purpose  is  to  relieve 
the  boiler  of  excessive  pressure  by  allowing  the 
steam  to  escape  into  the  air.  The  steam,  after 
attaining  a  certain  pressure,  pushes  up  a  stem 
and  spring  and  thereby  unseats  a  valve  and  thus 
allows  the  steam  to  escape  into  the  atmosphere 
until  the  pressure  becomes  normal,  when  the 
spring  again  seats  (closes)  the  valve. "^ 

Of  what  use  is  the  second  safety  valve  ?  It  is 
valuable  as  a  measure  of  safety,  in  the  event  the 
first  valve  should  stick  or  otherwise  become  in- 
operative. 


'"jStcttm  Chcsl  Relief  VaUe  — 

Why  are  suction  or  air  relief  valves  (45)  f  placed 
on  the  steam  chest  of  many  locomotives?  In 
order  to  admit  air  into  the  steam  chest  and  thus 
prevent  a  vacuum  therein,  when  the  engine   is 


running  with  steam  shut  off. 


*Americaa  locomotives  are  fitted  with  two  safety  valves  with 
the  steam  pressure  usually  set  at  from  three  to  five  pounds  dif- 
ference between  them. 

tFig.  8  shows  one  style  of  steam  chest  relief  valves. 
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What  is  the  object  of  safety  valves  on  the 
steam  chest  or  dry  pipe  of  a  locomotive^  To 
prevent  bursting  the  steam  chest  or  knocking  out 
a  cylinder  head  in  case  the  engine  were  reversed 
with  the  throttle  closed. 

If,  upon  opening  the  fire-box  door  (222)  what 
is  called  a  red  fire  should  be  discovered,  what 
would  be  the  probable  cause  ?  That  the  grates 
had  become  filled  with  ashes  and  clinkers  and  the 
fire  was  not  getting  sufficient  air. 

If  the  fire  was  not  getting  air  enough  through 
the  grates  (165),  why  would  you  not  oi)en  the 
fire  door  'I  Because  if  the  door  was  even  partially 
opened,  a  large  quantity  of  air  would  enter  and 
pass  directly  through  the  gases  without  uniting 
therewith,  except  to  a  small  extent.  Thus,  it 
would  i3ass  into  the  flues  (because  of  the  power- 
ful action  of  the  exhaust)  thereby  cooling  the 
flues  and  reducing  the  temperature  of  the  water 
in  the  boiler.  In  order  to  secure  perfect  combus- 
tion, the  air  must  be  mixed  with  the  gases  in  the 
proper  proportion.  This  can  be  best  accomplished 
by  admitting  the  air  through  the  grates  and  hav- 
ing it  pass  thence  through  the  fire. 

How  can  the  theory  of  the  proper  mixing  of 
the  air  and  the  gases  be  demonstrated  ?  By  in- 
verting a  shovel  in  the  fire  door  at  an  angle 
toward  the  fire.  The  air  will  thus  be  deflected 
into  the  fire  in  a  wide  sheet  and  will  be  more 
thoroughly  mixed  with  it,  thereby  insuring 
greater  combustion  as  will  be  shown  by  the  in- 
creased brightness  of  the  fire.  Under  such  cir- 
cumstances, the  entire  grate  area  may  be  seen, 
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and  the  fireman  can  examine  all  parts  of  the  fire- 
l)ox  to  ascertain  Avhether  he  is  distributing  the 
coal  to  conform  to  the  draught  arrangements  of 
the  engine. 

If  a  hole  is  formed  in  the  fire,  what  will  be  the 
result?  Heat  will  be  lost,  as  cold  air  will  enter 
the  fire-box  and  cool  the  gases  below  the  point 
of  ignition. 

Why  is  it  necessary  to  keep  a  "heavier,"  or 
deeper  fire  on  one  engine  than  another?  Largely 
because  of  the  influence  of  the  draught  appliances 
upon  the  fire. 

What  is  the  best  way  to  fire  a  locomotive? 
The  fuel  should  be  applied  frequently  and  in 
small  quantities.  It  should  be  distributed  evenly 
over  the  fire.  The  coal  should  be  broken  into 
pieces  about  the  size  of  an  apple. 

How  can  too  much  air  be  admitted  I  By  open- 
ing both  dampers  when  the  engine  is  working- 
lightly  and  there  is  only  a  light  thin  fire.  Air 
admitted  above  the  amount  required  for  com- 
bustion cools  the  gases  below  the  igniting 
point. 

What  constitutes  perfect  firing?  Providing 
fuel  and  air  in  exactly  ]3roper  proportions. 

How  can  this  end  be  most  nearly  attained  ? 
By  observing  attentively  the  results  of  different 
methods  of  firing  and  being  governed  by  that 
which  is  best. 

In  the  case  of  an  engine  working  hard  and 
using  bituminous  coal,  is  it  possible  to  admit 
too  much  air  through  the  hre  ?  No,  not  if  the 
fire  is  sufficient  to  consume  the  gases. 
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Does  the  draught  from  an  open  cab  window  or 
otherwise,  affect  the  working  of  lubricators  (224)  ? 
Yes,  the  cold  air  chills  the  oil  and  thereby  retards 
its  flow — causes  it  to  ^'feed"  irregularly. 

What  else  would  cause  irregularity^  Dirt  in 
the  lubricator  (18).  If  the  choke  plugs  were  too 
large,  such  a  result  would  follow.* 

If  a  lubricator  feeds  faster  when  the  engine 
throttle  is  closed  than  when  it  is  open,  what  is 
the  trouble^  The  choke  plugs  are  too  large. 
(See  detail  cuts  and  explanation  of  lubricators. 
Appendix  C  of  this  volume. ) 

Will  bad  results  be  caused  by  filling  a  lubrica- 
tor full  of  cold  oil  ?  Yes,  when  the  oil  becomes 
heated,  it  will  expand.  It  may  thus  cause  the 
lubricator  to  burst  or  bulge. 

How  can  you  clean  the  sight  feeds  when  they 
become  filled  with  dirt  ?  By  removing  the  regu- 
lating valve  and  blowing  out  the  nozzle,  or  by 
running  a  fine  wire  or  straw  through  it.f 

How  can  choke  plugs  be  cleaned  I  By  discon- 
necting the  oil  pipes  and  running  a  wire  through 
them. 

When  waiting  on  sidings,  etc.,  should  the  feed 
valve  or  the  water  valve  be  closed  ?  The  feed 
valve,  as  the  water  valve  may  not  be  tight. 


*The  choke  plug  is  the  nozzle,  through  the  small  hole  in 
which  the  oil  feeds  in  passing  from  the  lubricator  (224)  to  the 
cylinder  supply  pipe  (123).     See  also  cuts  in  Appendix  C 

fXhe  sight-feed  is  the  nozzle  inside  of  the  lubricator  feed 
glasses  of  what  is  known  as  the  "Sight  Feed  Lubricator."  It  is 
thus  called  because  of  the  fact  that  the  oil  that  is  feeding  (i.  e., 
being  supplied  to  the  part  needing  lubrication),  is  doing  so  ig 
plain  sight  of  the  engineer.     See  appendix  C, 
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Should  oil  be  used  as  fast  for  a  speed  of  fifteen 
miles  per  hour  as  for  a  speed  of  thirty  miles  per 
hour?     No. 

Explain  how  to  modify  the  friction  of  oil.  By 
making  the  oil  thin  by  adding  kerosene,  or  other 
light  oil,  rather  than  .by  heating  it.  If  it  is 
heated,  the  cold  surface  congeals  it,  making  it  a 
poor  lubricant  and  occasioning  internal  friction. 

Please  describe  any  new  signals  introduced 
since  your  last  examination. 

How  many  changes  have  been  made  in  the  old 
signals? 

What  tools  should  a  locomotive  be  supplied 
with  ?  Those  that  the  company's  rules  and  regu- 
lations require.* 

Besides  the  ordinary  tools,  what  should  be 
carried  for  use  in  case  of  break-downs  on  the  road  ? 
A  valve-stem  clamp,  blocking  for  the  crosshead, 
two  hardwood  wedges  (as  shown  in  Fig.  9),  a  few 
pieces  of  pine  board,  a  small  coil  of  wire  or  strong 
cord,  and  a  miscellaneous   assortment  of  bolts 

*These  rules  and  regulations  are  not,  of  course,  uniform  on 
different  roads.  Indeed,  some  roads  do  not  specify  wliat  tliey 
should  embrace.  However,  generally  speaking,  the  list  may 
be  said  to  include  the  following  items:  Axe,  pinch  bar,  Hue 
plugging  bar,  small  steel  bar,  blocking,  bolts  and  nuts,  broom, 
tallow  bucket,  water  bucket,  one  gallon  oil-can,  one  quart  oil- 
can, squirt  can,  engine  chain,  cape  chisels,  cold  chisels,  clinker 
bar,  clinker  hook,  coal  pick,  cushions,  dipper,  green  flags,  red 
flags,  white  flags,  frogs,  machinist  hammer,  soft  hammer,  ash 
hoe,  9-inch  jack,  24-inch  jack,  jack  levers,  blizzard  lamps,  white 
lanterns,  packing  hook,  packing  iron,  flue  pings,  front-end 
poker,  saw,  scoop  shovel,  tallow  pot,  torch,  torpedoes,  12-inch 
monkey  wrench,  15-inch  monkey  wrench,  eccentric  set  screw, 
oil  cups,  steam  chest  nut  wrench,  air-pump  spanner,  large  in- 
jector spanner. 
5  vol  IS 


58 


DUTIES  AND  RESPONSIBILITIES 


and  nuts.     Many  times  considerable  delay  will 
be  avoided  if  these  tools  are  readily  at  hand. 

What  should  the  engineer  do  before  attaching 
his  engine  to  a  train  ?  He  should  comply  with 
any  regulations  there  may  be  in  regard  to  regis- 
tering; examine  the  shop  book  to  ascertain 
whether  or  no  the  repairs  have  been  made  that 
have  been  ordered;  look  over  the  engine  carefully 
and  remedy  any  defects  there  may  be;  try  the 
gauge  cocks  (219)  and  both  injectors  (179),  and 
see  that  the  engine  is  supplied  with  the  tools, 
supplies  and  blocking  it  requires.  He  should  also 
ascertain  whether  the  fireman  has  attended  to  his 
duties  or  not. 


li'la.9. 


What  precaution  should  be  taken  if  work  or 
repairs,  such  as  having  valves  faced,  brasses  filed, 
etc.,  have  been  done  to  the  locomotive?  The 
engineer  should  examine  to  see  that  the  work 
has  been  properly  done  and  w^hether  the  parts 
require  lu1)rication  or  not.  In  any  event,  they 
require  to  be  given  special  attention,  as  new  parts 
are  always  liable  to  run  hot  and  cause  rough 
bearings. 

When  everything  is  ready,  how  should  the 
engine  be  started  ?     In  full  gear.     The  throttle 
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(195)  should  be  opened  slowly  and  carefully  in 
order  to  start  the  train  without  a  jerk.  This  les- 
sens possible  injury  to  draw  bars,  and  in  the  case 
of  passengers  and  freight  minimizes  the  annoy- 
ance and  danger. 

Is  the  engineer  required  to  see  that  his  entire 
train  is  attached  ?     Yes. 

Should  the  bell  (132)  be  rung  before  starting? 
Yes,  always. 

In  wiiat  manner  should  water  be  supplied  to 
the  boiler?  Continuously,  except  when  starting 
the  train.  The  quantity  should  be  regulated 
according  to  the  work  the  engine  has  to  do. 

After  the  engine  is  started,  what  particular 
thing  will  especially  facilitate  its  economical 
working  ?  The  use  of  a  full  or  wide  open  throt- 
tle (195),  except  when  the  engine  can  do  the 
work  with  less  than  a  six-inch  cut-off;  also,  by 
regulating  the  speed  by  means  of  the  reverse 
lever  (217). 

When  an  engine  is  to  be  taken  over  the  road 
without  a  train,  what  should  be  done  before 
starting  ?  If  the  rules  permit  an  engine  passing 
ov^er  the  road  without  a  conductor,  it  would  be 
necessary  to  make  such  entries  as  the  rules  re- 
quire in  the  train  register;  also  secure  running 
orders;  also  see  that  the  engine  is  supplied  with 
necessary  lanterns,  flags,  torpedoes,  etc. 

If  the  engine  should  break  down  between  sta- 
tions, what  should  be  done  ?  The  line  should  be 
protected  at  once  by  the  use  of  the  danger  signals 
prescribed  by  the  company.  Afterward  the 
engineer  should  investigate  as  to  the  extent  of 
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the  damage  and  repair  same  if  possible,  so  that 
he  might  at  least  go  forward  to  the  nearest 
siding,  from  whence  he  would  report  the  matter 
to  the  proper  official. 

What  is  meant  by  the  ''total  wheel  base"  of  a 
locomotive  ?  The  distance  from  the  center  of  the 
front  to  the  center  of  the  back  wheel. 

What  is  meant  by  "rigid  wheel-base?"  The 
distance  between  the  centers  of  the  front  and 
back  driving  wheels. 

Why  is  the  top  rail  of  the  frame  not  made 
straight?  (See  Plate  I.  and  cuts  on  pages  62 
and  114  of  Bailicay  Equipment,  Vol.  I.;  also 
Figs.  22  and  23.)  To  give  slope  to  shallow  fire- 
boxes, so  that  the  flues  will  be  further  above  the 
grate. 

Why  are  the  piston  rods  frequently  extended 
out  through  the  front  cylinder  head,  as  shown  in 
Fig.  139?  In  order  to  better  guide  the  piston 
and  produce  more  uniform  wear  of  the  cylinders. 
This  is  the  practice,  noticeably,  with  the  large 
cylinders  of  compound  locomotives. 
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ENGINEERS. 

THIRD    EXAMINATION    OF    FIREMEN. 

Note. — The  questions  propounded,  and  the  answers  thereto, 
that  constitute  the  third  examination  are  given  below.  It  will 
be  remembered  that  this  is  the  final  examination  and  the  fitness 
shown  by  the  applicant,  together  with  the  general  character  he 
has  established,  determine  whether  he  will  be  thought  com- 
petent to  be  promoted  to  the  position  of  engineer  or  not.  It 
will  be  observed  that  this  examination  is  much  more  elaborate 
than  those  that  have  preceded  it.  However,  study  and  experi- 
ence will  enable  the  applicant  to  pass  it  without  difficulty.  A 
perusal  of  the  questions  and  the  responses  thereto  strengthens 
the  suggestions  previously  made  that  many  engineers  who  have 
never  been  critically  examined  in  regard  to  the  construction, 
maintenance  and  working  of  the  locomotive  will  greatly 
strengthen  their  position  by  familiarizing  themselves  with  the 
points  this  and  the  other  examinations  bring  out.  It  will  be 
noticed  that  the  duties  indicated  are  such  as  belong  to  the  en- 
gineer to  perform  or  that  he  is  responsible  for.  I  also  wish, 
in  this  connection,  to  again  call  particular  attention  to  the 
accompanying  diagram  ot  the  locomotive;  also  to  the  descrip- 
tion of  the  locomotive  embraced  in  the  companion  volume 
to  this  on  Railway  Equipment.  The  description  in  ques- 
tion is  accompanied  by  forty-four  engravings  prepared  espe- 
cially for  this  work,  and  representing  the  main  features  of 
the  machine,  namely:  Longitudinal  section  of  boiler;  front 
view  of  locomotive;  rear  view  of  locomotive;  sectional  views 
of  locomotive  through  the  exhaust  chamber  and  the  live 
steam  chamber;  side  view  of  American  bogie  (or  pony)  truck, 
supporting  forward  end  of  locomotive:  sectional  views  of 
locomotive  through  the  forward  driver  and  the  lire-box;  side 
view  of  American  locomotive  truck,  supporting  forward  end  of 
locomotive;  evolution  of  the  coal  burner  smokestack;  side  view 
of  injector;  section  of  injector;  force  pump;  check  valve  for  pre- 
venting water  returning;  section  of  boiler  fuse  plug;  section  of 
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safety  valve;  interior  of  steam  gauge;  exterior  of  steam  gauge; 
section  showing  action  of  steam  in  single-expansion  cylinder; 
end  view  of  cylinder;  two  and  four  bar  crossiieads;  section  of 
indicator;  side  view  of  eccentrics,  straps  and  reversing  gear; 
end  view  of  reversing  gear;  engineer's  lever  in  connection  with 
reversing  gear;  section  showing  action  of  steam  in  compound 
cylinder;  front  view  of  compound  cylinder;  section  of  starting 
valve  and  relief  cock,  compound  cylinder;  application  of  starl- 
ing valve  and  relief  cock,  compound  cylinder;  section  showing 
grate  and  damper;  longitudinal  section  of  locomotive  boiler 
filled  with  water;  part  section  of  boiler,  showing  blower;  section 
showing  spark  arrester;  section  showing  fire-box  and  tank 
arrangement  for  the  use  of  oil  as  fuel;  fuel  oil  burner;  side  view 
of  tender  with  water  scoop  dropped;  section  of  tender  show- 
ing water  scoop  in  track  tank;  front  view  of  tender  with  scoop 
in  track  tank;  rear  view^  of  tender;  equalizer,  side  view;  sand 
pipe  of  locomotive,  supplemented  by  steam  or  air  blast;  steam 
whistle;  cylinder  relief  cocks;  side  view  of  locomotive;  eight 
wheel  passenger  locomotive;  chart  of  standard  American  loco- 
motive. 

Notwithstanding  the  exceptionally  large  number  of  engrav- 
ings in  the  volume  Railway  Equipment,  I  have  had  many  orig- 
inal engravings  of  a  more  special  character  prepared  for  this 
edition  of  the  Manual.  Hence  it  is  that  1  feel  justified  in  think- 
ing that,  while  many  so-called  catechisms  and  progressive  ex- 
aminations have  been  published  and  are  very  well  in  so  far  as 
their  limited  scope  permits,  the  combination  of  this  Manual  to- 
gether with  the  other  volumes  comprising  the  Science  of  Hall- 
ways, will  be  of  untold  advantage  to  students  of  railway  mat- 
ters. 

The  book  Railway  Equijmietit  also  contains  a  technical 
and  exhaustive  account  of  the  working  of  the  air  brake,  illus- 
trated by  thirty-two  expressly  prepared  engravings.  It  also 
further  contains  a  detailed  and  scientific  account  of  the  prac- 
tical application  of  electricity  as  a  motive  power  to  general 
transportation,  illustrated  by  eighty  engravings  prepared  ex- 
pressly for  the  volume  in  question. 


In  the  event  the  injector  (179)  should  not  work 
while  on  the  road,  what  action  would  you  take  ? 
If  the  tank  valve  was  open  and  the  tank  con- 
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tained  water,  I  should  look  for  the  stoppage  in 
the  hose  (237)  or  strainer.  If  I  found  them  al] 
right,  I  should  conclude  there  was  something  the 
matter  with  the  injector  (179)  and  act  accord- 
ingly. 

What  should  be  done  in  regard  to  the  water 
level  meanwhile  ?  It  should  be  watched,  and  the 
fire-box  door  opened  so  as  to  prevent  the  engine 
blowing  off.  If  the  water  should  get  low,  I  would 
bank  the  fire. 

To  what  cause,  as  a  rule,  is  the  failure  of  the 
left-hand  injector  to  be  attributed?     Non-use. 

What  should  be  done  to  obviate  this?  Both 
injectors  should  be  used  daily. 

In  what  way  can  both  injectors  be  kept  in  good 
order  ?  By  their  alternate  use,  say,  one  used  on 
the  out-trip  and  the  other  on  the  return  trip,  or 
by  using  one  at  terminals  and  the  other  while 
running. 

What  is  the  difference  between  "priming"  and 
''foaming"  of  a  boiler?  Priming  is  caused  by 
contracted  steam  space  or  the  boiler  being  too 
full  of  water.  Foaming  is  caused  by  foreign  sub- 
stances, such  as  oil,  soap,  etc.,  getting  into  the 
water. 

What  would  you  do  in  the  case  of  foaming  ?  I 
would  shut  off  the  throttle  and  injectors  and  as- 
certain the  true  level  of  the  water,  by  allowing 
it  to  settle;  then  I  would  open  the  fire  door  so 
that  the  engine  would  not  blow  off.  If  the  water 
should  drop  too  low,  I  would  open  the  throttle 
and  apply  the  injectors.  If  there  was  a  surface 
cock,  I  would  open  it,  if  there  was  none  I  would 
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handle  the  engine  carefully  until  reaching  a  jDoint 
where  the  boiler  could  be  washed  out. 

What  would  you  do  if  you  discovered  that  the 
water  in  the  tank  contained  oil  ?  I  would  pro- 
ceed as  in  the  case  of  foaming,  until  I  reached  a 
water  station,  when  I  would  flush  the  tank,  using 
the  heaters  in  the  tank  to  bring  the  oil  to  the 
surface.  * 


^ec/ion 


£/ey<3//on. 


Check  valve,  for  preventing  water  from  running. 


What  attention  should  be  given  to  boiler  at- 
tachments, such  as  the  gauge  cock  (219),  water 

*Hrown  sugar  put  into  the  hose  and  forced  into  the  boiler  will  generally 
Counteract  the  effect  of  the  oil. 
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glass,  etc.  ?  They  should  be  looked  after  to  see 
that  they  are  in  good  working  order  and  are  not 
clogged  or  filled  up. 

What  should  you  do  if  a  wash-out  plug  (104) 
was  blown  out,  or  a  blow-off  cock  could  not  be 
closed  or  was  broken  off?  I  should  dump  the 
fire,  plug  up  the  hole  and  re-fill  the  boiler.  If  I 
found  it  impossible  to  plug  up  the  hole,  I  should 
send  for  assistance  to  take  the  engine  to  a  place 
where  it  could  be  repaired.* 

If  the  check  valves  (Fig.  9')  remain  open 
after  the  injector  stops  working,  how  would  you 
proceed  to  close  them  ?  I  would  tap  the  valves 
gently  on  the  top  or  bottom  of  the  valve  case, 
preferably  with  a  piece  of  wood,  being  careful  not 
to  hit  the  sides  of  the  valve  if  it  is  made  of  brass. 

If  you  could  not  re-fill  the  boiler,  what  would 
you  do?  I  would  disconnect  the  engine  and 
arrange  to  have  it  hauled  to  some  place  where  it 
could  be  repaired. 

What  parts  would  it  be  proper  to  disconnect  ? 
It  would  be  proper  to  disconnect  the  valve  stems 
(49)  and  take  down  the  main  rods  (92). 

How  can  a  disconnected  tank  valve  be  opened 
without  stopiDing  the  engine?  By  closing  the 
water  valve  (185)  and  injector  overflow  (180) 
and  blowing  steam  through  pipe  (236)  and  hose 
(237)suddenly.t 

*Blo\v-off  cocks  are  located  in  parts  of  the  boiler  where  mud 
or  other  incrustatiug  matter  is  liable  to  settle.  By  their  means 
such  sediment  is  ejected  from  the  boiler. 

fTliis  will  generally  blow  the  tank  valve  out  of  its  seat, 
but  steam  should  be  shut  off  quickly  to  prevent  bursting  the 
hose  (237). 
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What  would  you  do  if  you  stopped  the  engine 
working  and  the  water  in  water  glass  dropped 
out  of  sight  ?  I  would  open  the  throttle  so  as  to 
raise  the  water  above  the  crown  sheet,  deaden 
the  fire  if  necessary,  and  immediately  set  both 
injectors  to  work. 

What  should  be  done  in  the  case  of  a  discon- 
nected throttle  i^  If  the  throttle  becomes  discon- 
nected and  remains  open,  the  steam  pressure 
should  be  reduced  so  that  the  engine  can  be  han- 
dled with  the  reverse  lever  (217).  The  trainmen 
should  be  notified  of  the  mishap  and  a  report 
made  of  it  at  the  first  telegraph  office.  If  the 
throttle  becomes  disconnected  and  remains  closed 
the  engine  should  be  disconnected. 


J^i^.lO. 


What  should  be  done  with  a  flue  (122)  that 
leaked  badly  or  had  burst  I    It  should  be  plugged, 

*A  discoDnected  throttle  signifies  that  either  the  throttle 
valve  (195)  has  become  disconnected  from  the  throttle  bell  crank 
(196)  or  that  the  latter  has  become  disconnected  from  the  throt- 
tle stem  (197).  It  will  readily  be  seen  that  in  either  event  the 
movement  of  the  throttle  lever  (215)  will  not  open  or  close  the 
throttle  valve. 
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and  the  engine  should  be  provided  with  tools 
suitable  for  that  purpose. 

What  should  be  done  if  the  whistle  (202)  or  one 
of  the  safety  valves  (  201 )  blows  out  i  The}^  should 
be  plugged  with  soft  wood,  tied  or  otherwise 
secured. 

What  would  you  do  if  the  engine  was  stalled 
in  the  snow  and  the  water  in  the  tank  was  low  ? 
I  would  shovel  snow  into  the  tank  and  melt  it 
with  the  heaters.* 


^^^ 


How  low  would  you  allow  the  water  in  the 
tank  to  get  before  shoveling  in  the  snow  ?  Not 
lower  than  one  foot. 

Can  the  boiler  be  filled  with  water  through 
the  injectors  l)y  towing  the  engine  with  another 
locomotive  I     Yes. 

How  is  this  done  ?  Close  all  openings  from  the 
boiler  except  those  from  the  tender,  open  the 
engine  throttle  and  both  injectors,  leaving  the 

*The  term  "heater,"  as  usually  applied  to  a  locomotive,  sig- 
nifies the  supplying?  of  steam  to  the  tauk  through  the  feed  pipe 
(23G)  and  hose  (237)  from  the  injector  (ITi))  after  closing  the 
heater  valve,  as  shown  in  the  supply' pipe  (119)  above  the 
overflow  (180). 
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reverse  lever  in  the  ordinary  position  for  that 
direction  in  which  the  engine  is  being  towed. 
The  pistons  will  form  a  partial  vacuum  in  the 
boiler,  and  water  from  the  tender  will  be  drawn 
in.  It  is  evident  that  any  air  suction  valves 
(Fig.  8)  on  the  steam  chest  must  also  be  closed 
in  some  way. 

If  the  throttle  was  closed  and  steam  still  came 
out  of  the  cylinder  cocks  (68)  what  would  you 
do?  I  would  see  if  the  oil  pipes  (123)  from  the 
lubricator  (224)  were  closed,  If  they  were,  then 
I  should  report  that  the  throttle  (195)  leaked. 

How  can  you  distinguish  a  leaky  throttle  (195) 
from  a  leaky  dry  pipe  (191)?  If  the  water  in  the 
boiler  is  high  enough  to  submerge  the  dry  pipe, 
steam  issuing  from  the  cylinder  cocks  (68)  would 
indicate  a  leaky  throttle.  Water  and  steam 
would  indicate  a  leaky  dry  pipe.  If  the  dry  pipe 
is  not  submerged,  the  location  of  the  leak  cannot 
be  determined. 

How  should  a  hot  bearing  be  treated?  It 
should  be  lubricated  and  packed,  and  cooled  so 
far  as  practicable  before  going  ahead. 

How  would  you  proceed  with  a  cracked  steam 
chest  (44)?  I  would  loosen  the  steam  chest  cover 
(43)  and  insert  iron  Avedges  or  nails  between  the 
steam  chest  bolts  and  sides  of  the  chest,  and 
fasten  down  the  steam  chest  cover. 

How  would  you  disconuect  if  you  had  a  broken 
steam  chest  (44)?  I  would  disconnect  the  valve 
stem  (49),  cover  the  admission  ports  (56),  take 
down  the  main  rod  (92)  and  block  the  cross- 
head  (96). 
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How  are  the  steam  chests  and  covers  usually 
ruptured  i  By  reversing  the  engine  at  high  speed 
without  opening  the  throttle. 

With  a  totally  demolished  steam  chest  and 
cylinder  on  one  side,  wiiat  would  you  do?  1 
would  put  out  the  fire,  disconnect  both  sides  of 


SltpofMtBZocK 
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9"  ^€t,aAle.JF'i^  . 


the  engine  and  ask  to  have  it  hauled  to  the  shop. 
Repairs  might  be  made  by  putting  a  solid  gasket 
in  the  steam  pipe,  but  as  a  rule  this  is  not 
practicable. 

What  can  be  done  if  the  lifting  shaft  (112), 
reverse  lever  (217)  or  reach  rod  (118)  break? 
The   links  (105)  can  be  blocked  up  to  the  point 
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at  which  the  engine  should  cut  off,  as  illustrated 
in  Fig.  12.  It  must  be  remembered,  however,  that 
it  is  impossible  to  reverse  until  the  block  is 
changed. 

If  the  piston  (60  and  61),  crosshead  (96), 
connecting  rod  (92)  or  crank  pin  were  bent  or 
broken,  what  would  you  do  ?  I  would  disconnect 
the  engine.  If  the  crank  pin  was  bent  or  broken, 
I  would  take  down  both  side  rods. 

What  should  be  done  with  a  hot  piston  rod 
(60)  ?  It  should  be  cooled  off  with  oil,  the  engine 
being  kept  moving  slowly  meanwhile.  Water 
should  not  be  used  in  cooling  a  piston  rod. 

If  a  piston  rod  (60)  should  break  and  knock  out 
the  forward  cylinder  head  (64),  how  would  you 
disconnect  ^  I  would  disconnect  the  valve  stem 
(49)  at  the  connection  (51)  and  cover  the  ports 
(56)  and  remove  the  broken  parts. 

Why  would  you  not  take  down  the  main  rod 
(92)  ?  Because  there  would  be  no  harm  in  leav- 
ing it  up. 

What  should  be  done  if  one  of  the  glands  that 
holds  the  piston  rod  packing  (59)  In  place  was 
blown  out,  thereby  breaking  off  one  lug  and  one 
bolt?  The  piston  gland  should  be  blocked  or 
secured,  if  possible;  if  not,  the  engine  should  be 
disconnected  on  that  side. 

What  will  indicate  that  an  eccentric  {BB  Fig. 
12)  has  slipped  on  the  axle  {A)  ?  The  irregular 
sound  of  the  exhaust. 

How  can  you  determine  which  eccentric  has 
been  displaced?  By  running  the  engine  slowly 
with  the  link  first  in  full  forward  motion,  then 
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ill  full  backward  motion,  and  observing  if  the 
steam  is  admitted  at  each  end  of  the  cylinder 
just  before  the  crank  pin  reaches  the  dead  points. 
The  effect  of  a  slipped  eccentric  on  the  valve  is 
either  to  increase  or  diminish  the  lead.  If  the 
eccentric  has  slipped  toward  the  crank  pin,  the 
lead  will  be  increased  and  steam  will  be  admitted 
to  the  cylinder  sometime  before  the  piston 
reaches  the  end  of  its  stroke.  If  it  has  slipped 
away  from  the  crank  pin,  the  lead  will  be  dimin- 
ished, or  taken  away  entirely,  and  steam  will  not 
be  admitted  until  after  the  piston  has  reached 
the  end  of  its  stroke.*  The  admission  of  steam 
is  indicated  by  its  escape  from  the  cylinder  cocks, 
which  must  be  left  open. 

Having  determined  which  eccentric  has  slipped, 
how  would  you  proceed  to  reset  it?  I  would 
place  the  engine  on  the  forward  center.  If  the 
forward  motion  eccentric  (^B  Fig.  13)  had 
slipped,  I  would  put  the  reverse  lever  in  the  back 
notch  of  the  quadrant  (220)  and  scratch  a  line 
on  the  valve  stem  (49)  close  to  the  packing 
gland.  Then  I  would  place  the  lever  in  the  for- 
ward notch  of  the  quadrant  and  move  the  eccen- 
tric around  by  hand  until  the  line  on  the  valve 
stem  appeared;  then  I  would  tighten  the  screws 
that  fasten  the  eccentric  to  the  axle.  If  the  back- 
ward motion  eccentric  (i?  Fig.  13)  had  slipped,  I 
would  proceed  in  the  opposite  manner. 


*This  applies  to  indirect  valve  motion,  as  shown  in  Figs.  13, 
14  and  15.  With  direct  valve  motion,  as  shown  in  Fig.  123,  the 
reasoning  would  be  the  reverse. 
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What  is  the  position  of  the  eccentric  when  the 
crank  pin  is  on  the  forward  center^  With  the 
standard  type  of  rocker  arm  (P),  which  gives  in- 
direct valve  motion,  the  forward  motion,  (go- 
ahead)  eccentric  always  follows,  and  the  back-up 
eccentric  always  leads  the  crank  pin  at  right 
angles,  less  the  amount  of  lap  and  lead,  when  the 
engine  is  moving  forward,  see  Skeleton  Fig.  15. 
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In  the  event  of  a  valve  (47),  valve  yoke  (48), 
or  stem  (49),  becoming  broken  inside  of  a  steam 
chest  (44),  how  can  the  breakage  be  located^  To 
test  one  side,  place  the  piston  at  half-stroke  and 
admit  a  little  steam  to  the  cylinders,  then  move 
the  reverse  lever  (217),  from  full  forward  to  full 
backward  gear.  If  the  steam  escapes  alternately 
from  both  cylinder  cocks  (68)  it  may  be  concluded 
that  the  defect  is  in  the  opposite  steam  chest. 

Having  located  the  defect,  how  would  you  put 
the  engine  in  safe  running  order?  By  taking  off 
the  steam  chest  cover  (43),  and  blocking  or  fasten- 
ing the  valve  (47)  centrally  as  shown  in  Fig.  16, 
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or  by  plugging  the  ports  (56)  with  soft  wood 
boards  if  the  valve  was  broken.  The  defective 
side  should  then  be  disconnected  and  the  cross- 
head  (96)  securely  blocked. 

If  the  valve  seat  (52)  is  broken,  what  should  be 
done?  Take  off  the  steam  chest  cover,  cover 
both  steam  ports  (56)  as  shown  in  Fig.  16  and 
disconnect  the  engine.*  In  some  cases  the  false 
valve  seat  may  be  removed. 

Is  it  necessary  when  disconnecting  to  block  the 
crosshead  (96)  ?  Yes.  It  is  the  safest  thing  to 
do  in  case  the  ports  (56)  become  uncovered. 

How  and  in  what  position  is  it  best  to  block  the 
crosshead  ?  Put  the  crosshead  at  one  end  of  the 
stroke  and  jDlace  a  block  between  it  and  the  guide 
blocks,  securing  the  blocks  by  strong  cord  or  wire, 
to  prevent  their  falling  out,  as  shown  in  Fig.  17. 

Does  it  make  any  difference  at  which  end  of 
the  stroke  you  block  the  crosshead  l  Yes.  On 
engines  where  the  forward  driver  is  opposite 
the  guides,  the  crosshead  must  be  blocked  clear 
ahead  so  that  the  forward  crank  pin  will  not 
strike  it. 

If  a  disabled  engine  is  being  handled  on  one 
side,  what  is  the  best  method  of  stopping  so  that 

*Disconnectmg  one  side  of  an  engine,  as  in  this  case,  means 
the  removal  of  the  main  rod  or  rods  on  one  side,  securing  the 
crosshead  (preferably  at  the  back  end  of  the  guides  (89),  as  shown 
in  Fig.  17,  if  it  will  clear  the  crank  pin  in  that  position)  by  means 
of  a  crosshead  chimp  or  hardwood  blocks,  well  secured,  and  set- 
ting the  valve  in  a  central  position  so  as  to  cover  all  steam  ports, 
and  securing  it  there  by  a  valve  stem  clamp  or  by  cocking 
the  valve  stem  gland  and  setting  the  gland  nut  tight  on  one  side. 
An  engine  may  still  be  operated  if  only  one  side  of  it  is  discon- 
nected. 
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the  side  that  is  working  will  not  stand  on  center  ? 
Shortly  before  coming  to  a  stand,  release  the 
brakes,  reverse  the  engine  and  open  the  throttle 
slightly. 

Why  will  this  prevent  the  engine  from  stop- 
ping on  center;  The  final  power  for  stopping 
comes  from  the  back  pressure  against  the  piston  and 
this  acts  against  the  rotation  of  the  driving  wheels 
only  when  the  engine  is  off  the  center. 

How  can  you  distinguish  between  a  valve  blow 
(47)  and  a  cylinder  piston  packing  blow  (62)  ?  A 
valve  blow  is  generally  continuous  and  a  cylinder 
piston  packing  blow  intermittent.  If  it  arises 
from  cylinder  packing  it  will  blow  the  strongest 
at  the  commencement  of  the  piston  stroke.* 

Do  you  fully  understand  the  difference  between 
piston  rod  packing  (59)  and  cylinder  packing 
(62)  ?  The  piston  packing  rings  (62)  are  termed 
"cylinder  packing,"  to  avoid  confounding  them 
with  the  piston  rod  packing  (59). 

What  should  be  done  in  the  case  of  a  broken 
eccentric  strap  or  blade  (160  and  162)?  Take 
down  both  eccentric  straps  and  blades  on  the  side 
where  the  break  was  located,  and  disconnect  that 
side  of  the  engine. 

How  would  you  disconnect  if  a  lower  rocker 
arm  (116)  became  broken?  I  would  cover  the 
ports  (56),  clamp  the  stem  (49),  disconnect  the 
main  rod  (92)  and  block  the  crosshead  (96).    If 


*A  wasteful  escape  of  steam  through  the  engine  exhaust 
nozzle  is  termed  a  "blow"  in  contradistinction  to  the  usual 
"exhaust." 
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the  broken  lower  arm  did  not  strike  anything  I 
would  allow  it  to  remain  as  it  was. 

What  can  be  done  in  case  a  link  saddle  pin 
(107)  breaks?  The  hanger  (111 )  can  be  taken 
down  and  the  top  of  the  link  (105)  blocked  up 
with  a  piece  of  wood  to  the  point  at  which  you 
wish  to  cut  off. 
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If  the  link  hanger  (111)  or  lifting  arm  (112) 
should  break,  what  would  you  do?  I  would  do 
the  same  as  in  the  case  of  a  broken  saddle  i3in. 

Would  you  reverse  the  engine  under  these  con- 
ditions ?     No. 

If  you  should  lose  a  rod  key,  what  would  you 
do  ?  If  it  was  a  main  rod  key,  I  would  substitute 
a  side  rod  key,  if  the  engine  had  one,  and  put  a 
wooden  key  in  its  place. 

How  would  you  disconnect  in  the  case  of  a 
broken  crosshead  ( 96 )  ?  The  same  as  for  a  broken 
cylinder  head.  I  would  disconnect  the  engine  on 
the  side  on  which  the  break  was  located. 
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If  the  engines  have  six  or  more  connected  driv- 
ing wheels,  what  side  rods  should  be  taken  off,  if 
opposite  ones  are  broken  ?  If  the  knuckle  is  back 
of  the  pin,  as  in  Fig.  18,  and  the  back  section  is 
broken,  the  corresponding  side  rods  on  the 
opposite  side  should  be  taken  off.  If  the  forward 
section  is  broken,  all  side  rods  should  be  taken  off*. 

How  would  you  disconnect  if  you  broke  a  main 
crank  pin  close  to  the  wheel?  I  would  take  off 
all  side  rods  (152)  and  disconnect  engine,  and 
fasten  the  crosshead  (96)  and  valve  (47)  (with 
steam  ports  (56)  covered)  on  the  broken  side. 


J^ia.  18. 
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Which  are  the  main  drivers  of  a  locomotive? 
That  pair  of  wheels  to  which  the  main  rods  are 
attached. 

On  which  axle  is  it  customary  to  place  the 
eccentrics,  and  why?  On  the  main  axle,  so  that 
the  engine  can  be  run,  even  with  all  the  side  rods 
taken  down. 

Describe  the  difference  between  a  standard, 
mogul,  ten-wheel  and  consolidation  engine.  A 
standard  engine  has  four  drivers,  connected,  and 
a  four-wheel  truck.  A  mogul  has  six  drivers,  con- 
nected, and  a  "pony"  or  two- wheel  truck.  A  ten- 
wheel  engine  has  six  drivers,  connected,  and  a 
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four-wheel  truck.  A  consolidation  engine  has 
eight  or  more  drivers,  connected,  and  a  "pony"  or 
two-wheel  truck. 

If  one  of  the  forward  tires  (137)  of  a  ten- wheel 
engine  should  break,  what  would  you  do?  I 
would  run  the  wheel  with  broken  tire  up  on 
wedges  (see  Fig.  9)  placed  on  the  track,  so  as  to 
raise  the  tire  above  the  rail  and  insert  in  place 
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of  the  cellar  a  block  thick  enough  to  hold  the  tire 
off  the  rail,  as  shown  in  Fig.  19.  Then,  if  the 
rods  were  not  sprung,  I  would  go  ahead  with  the 
train. 

What  would  you  do  in  the  case  of  the  tire  on  a 
rear  driving  wheel  breaking?  I  would  proceed 
as  in  the  case  of  a  broken  front  tire,  running  very 
carefully,  especially  around  curves. 

What  would  yoa  do  in  the  case  of  a  broken 
main  driving  wheel  tire  (137)?     I  would  block  up 
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the  wheel  to  the  thickness  of  the  tire,  loosen  the 
side  rod  keys  and  proceed  carefully  without  the 
train. 

How  would  you  proceed  to  run  a  mogul  engine 
with  the  back  tire  off?  1  would  remove  the  cel- 
lar and  insert  a  block  between  the  pedestal  and 
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journal  so  as  to  hold  the  wheel  center  off  the  rail 
and  then  take  off  both  back  sections  of  the  side 
rods."^ 


*The  cellar  of  a  journal  is  a  hollow,  box-like  casting  placed 
beneath  the  journal.  In  conforming  as  nearly  as  possible  to 
that  portion  of  the  journal  not  covered  by  the  brass,  it  serves  a 
double  purpose — to  keep  dust  and  dirt  from  the  journal,  and, 
being  packed  with  waste,  wool,  hair  or  other  similar  substance 
saturated  with  oil,  greatly  assists  to  a  proper  lubrication  of  the 
journal.  The  bolts  or  keys  that  secure  it  in  place  are  termed 
cellar  bolts. 

The  pedestals  are  the  jaws  of  the  frame  of  a  locomotive,  be- 
tween which  the  driving  boxes  (150)  are  held. 
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What  would  you  do  under  similar  circum- 
stances with  an  eight-wheel  standard  engine^ 
I  would  endeavor  to  run  the  engine  to  the  shops, 
by  placing  wedges  between  the  tank  and  engine, 
thereby  blocking  up  the  engine  so  that  the 
weight  will  be  against  the  flange  of  the  good 
wheel. 

How  fast  would  you  run  in  that  condition? 
Not  exceeding  five  or  six  miles  per  hour,  and 
very  slowly  on  curves  and  switches. 


J5Vy.  21. 


If  the  back  tire  of  an  engine  were  off,  how 
could  you  fix  the  engine  so  as  to  safely  back 
around  curves,  if  necessity  required  I  With 
standard  (eight- wheel)  engines,  by  blocking  as 
for  broken  rear  tire  on  a  mogul;  that  is,  relieve 
all  possible  weight  from  rear  drivers.  With  a 
mogul,  you  would  have  to  block  with  soft  wood 
between  engine  and  tender  on  the  inside  of  the 
curve. 
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In  case  the  axle  of  a  driving  wheel  should 
break,  how  should  the  axle  be  blocked  up  and 
part  of  the  weight  relieved  from  that  box  ?  Hard- 
wood blocks  should  be  used  to  block  the  axle  up 
level ;  blocking  under  the  spring  saddle  will  take 
part  of  the  weight  from  the  box,  as  shown  in 
Fig.  20. 

What  would  you  do  in  the  case  of  a  totally 
demolished  tank  truck?  I  would  go  to  the  near- 
est siding  and  send  for  help.  In  case  of  necessity 
I  would  substitute  a  car  truck. 

What  should  be  done  if  an  engine  truck  wheel 
(71)  or  axle  (73)  breaks?  Remove  the  broken 
wheel  or  axle  and  chain  the  truck  frame  to  the 
engine  frame,  as  shown  in  Fig.  21. 

How  should  a  broken  tank  truck,  wheel  or  axle 
be  treated?  By  removing  the  broken  wheel  and 
axle,  placing  a  cross  tie  on  top  of  the  tank  and 
suspending  the  truck  to  it  with  chains,  afterwards 
proceeding  slowly  to  destination. 

What  is  the  object  of  equalizers  and  springs? 
(See  Figs.  22,  23  and  24.)  To  distribute  the 
weight  of  the  locomotive  more  equally  upon  all 
the  bearings  and  to  make  the  engine  ride  easier, 
thereby  lessening  the  wear  and  tear  on  the  ma- 
chinery as  well  as  affording  greater  comfort  to 
the  enginemen. 

When  the  springs  and  equalizers  are  in  order, 
where  is  the  weight  of  the  engine  carried  ?  The 
frame  and  the  boiler  resting  upon  it  is  supported  at 
the  engine  truck  center  in  front  and  at  the  ful- 
crums  of  the  equalizers  and,  from  these  latter 
points  of  suspension,  the  weight  is  transferred 
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through  the  equalizers  and  springs  to  the  spring 
saddles  resting  directly  upon  the  driving  boxes.* 

How  is  the  weight  carried  when  an  engine  is 
blocked  up  on  top  of  the  boxes?  On  perfectly 
smooth  track  there  would  be  little  difference,  but 
on  rough  track  there  would  be  times  when  the 
whole  weight  of  one  side  would  come  upon  the 
box  that  is  rigidly  blocked. 

What  makes  the  best  blocking  for  use  between 
the  driving  boxes  and  the  frame?  Good  hard- 
wood, because  of  its  greater  elasticity  than  metal 
and  it  also  remains  in  place  better. 

What  should  be  done  if  a  driver  spring  (141), 
spring  hanger  (142)  or  equalizer  (143)  breaks? 
With  heavy  engines  such  as  those  in  use,  en- 
gineers are  not  expected  to  jack  up  the  engine. 
Even  if  the  engine  is  small,  the  quickest  way  is 
to  raise  it  by  placing  wedges  (see  Fig.  9)  on  the 
rail,  if  possible,  as  time  is  an  important  consid- 
eration; but  this  should  be  done  carefully,  as 
other  springs  or  hangers  may  be  broken  or  the 
engine  may  be  derailed.  If  a  forward  spring 
or  hanger  should  break  on  an  eight-wheel  en- 
gine, a  fish-plate  or  other  piece  of  iron  should  be 
placed  between  the  top  of  the  back  box  (150) 
and  the  frame  (155)  on  the  broken  side.     This 


"^Locomotives  having  the  springs  above  or  below  tlie  frame 
are  said  to  be  over-hung  or  under-liung,  as  the  case  may  be. 
There  is  no  difference  in  the  principle,  but  simply  in  its  prac- 
tical application  to  the  various  classes  of  engines.  Plate  I.  and 
Figs.  22  and  23  show  engines  under-hung,  Fig.  24  sliows  springs 
over-hung,  while  in  the  engraving  on  p.  114  of  Railway  Equip- 
ment (Vol.  I.)  the  back  springs  are  shown  under-hung  and  the 
forward  springs  over-hung. 
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will  save  raising  the  wheel  that  much  higher  and 
will  permit  the  use  of  a  smaller  wedge.  Then  a 
wedge  should  be  placed  on  the  rail  and  the  back 
wheel  run  up  on  it.  This  will  take  the  weight 
off  the  forward  box.  I  would  then  block  solid 
with  wood  between  the  top  of  the  forward  box 
and  the  frame  and  remove  the  spring  saddle,  if 
necessary,  as  in  Fig.  25;  then  let  the  engine 
down,  remove  the  fish-plate  from  the  back  box 
and  run  the  forward  wheel  up  on  to  the  wedge, 
which  will  take  the  weight  off  the  back  box  and 
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relieve  the  equalizers  (143).  I  would  then  pry  up 
the  front  end  of  the  equalizer  and  block  it  solid,  as 
in  Fig.  25,  and  let  the  engine  down  and  remove  all 
loose  parts.  If  the  back  spring  or  hanger  is  broken, 
the  reverse  should  be  done.  If  it  is  a  mogul  or 
ten-wheel  engine,  I  would  run  the  forward  wheel 
up  on  the  wedge  in  order  to  raise  the  weight  off 
the  main  wheel,  or  run  the  main  wheel  up  in 
order  to  raise  the  weight  off  the  forward  wheel. 


If  it  is  a  mogul  engine,  and  a  forward 


spring 


or  hanger  breaks,  it  may  be  necessary  to  re- 
move both  forward  springs  and  block  on  top 
of   both   forward    boxes;    but    if   it    is    only    a 
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banger  that  is  broken,  a  cbain  may  replace  it, 
as  in  Fig.  26.  Wben  botb  forward  driving  ]}oxes 
are  bb)cked,  tbe  intermediate  equalizer  to  tbe 
truck  should  also  be  blocked.  When  the 
springs  and  hangers  are  below  the  frame,  I 
would  proceed  in  the  same  manner,  and  then 
))lock  or  chain  up  the  equalizer  (143)  until  level 
and  remove  or  secure  the  broken  springs  or  hang- 
ers.    When  the  spring  hangers   (142)  straddle 
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the  frame  (155)  it  is  sometimes  possible  to 
block  between  the  hanger  and  the  frame.  If 
the  large  spring  (141)  below  the  frame  (155)  and 
l)etween  the  drivers  (138)  should  break,  I  would 
block  the  top  of  both  boxes  (150)  or  block  be- 
tween both  long  hangers  and  the  bottom  of  the 
frame,  securing  or  removing  the  broken  parts. 
If  the  small  coil  spring  back  of  the  rear  drivers 
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breaks,  it  may  l)e  necessary  to  remove  one  of  the 
small  equalizers  which  ride  the  box.  If  it  is  neces- 
sary to  do  so,  I  would  block  on  top  of  the  box. 
If  it  is  not  necessary  to  do  so,  and  the  spring 
hanger  cannot  be  held  in  any  other  way,  I  would 
chain  the  back  end  of  the  small  equalizers  to 
the  frame;  otherwise  I  would  let  the  frame  ride 
the  box  and  run  the  engine  very  slowly.  With 
equalizers  broken,  I  would  raise  the  engine  the 
same  as  in  the  case  of  a  broken  spring  or  hanger 
if  it  is  possible  to  do  so.   If  an  equalizer  or  a  stand- 


Fig.  26^ 


Side  View  of  American  Bogie  (or  Pony)  Truck,  supporting 
forward  end  of  locomotive. 


ard  en  an  eight- wheeled  engine  breaks,  I  would 
block  on  top  of  one  box  and  block  up  the  loose  end 
of  the  equalizer  the  same  as  for  a  broken  spring  or 
hanger,  if  possible;  if  not,  I  would  block  on  top  of 
the  driving  boxes.  If  the  forward  equalizer  on  a 
ten-w^heeled  engine  breaks,  I  would  block  on  top 
of  the  forward  and  main  boxes  and  block  up  the 
forward  end  of  the  back  equalizer. 

What  should  be  done  if  the  pony  truck  center 
pin  or  long  equalizer  of  a  mogul  engine  is  broken  ? 
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If  it  is  the  cross  equalizer  on  a  mogul,  block  on 
top  of  both  forward  boxes  and  block  on  top  of  the 
back  end  of  the  long  intermediate  equalizer  that 
goes  to  the  truck;  if  it  is  an  intermediate  equal- 
izer, block  between  the  boiler  and  cross  equalizer; 
if  it  is  the  cross  equalizer  on  a  four-wheeled  pony, 
block  on  top  of  both  forward  boxes.  If  the  equal- 
izer is  below  or  between  the  frames,  it  might  be 
possible  to  block  between  the  hangers  and  the 
frames.  If  it  is  a  small  equalizer  that  rides  the 
back  box,  block  on  top  of  the  back  box  and  chain 
up  the  back  end  of  the  bottom  equalizer.  If  it 
is  the  truck  equalizer,  block  on  top  of  the  truck 
boxes  between  the  box  and  the  truck  frame.  All 
loose  parts  should  be  removed  or  secured.  If  a 
pony  truck  center  pin  breaks,  replace  it,  or  block 
between  the  cross  equalizer  and  the  boiler. 

If  the  front  end  (18)  should  break,  what  should 
be  done?  Board  it  up,  using  the  studs  (bolts 
with  threads  cut  on  both  ends),  if  possible;  other- 
wise brace  it.  A  wet  blanket  will  do  for  a  short 
time. 

If  you  lost  the  smokestack  (38)  of  your  engine, 
what  would  you  do?  Substitute  something  that 
will  create  a  draught,  such  as  a  barrel  or  long 
box. 

How  can  you  make  temporary  repairs  to  a  hole 
punched  in  the  engine  tank,  so  that  the  engine 
can  run  to  shops?  By  stopping  the  leak  with 
burlaps,  waste,  or  cab  curtains  used  as  a  gasket, 
secured  by  means  of  boards  inside  and  outside. 

Why  should  the  bottom  joints  (13)  of  a  cinder 
hopper  be  kept  tight?     To  prevent  the  air  from 


OF  THE  LOCOMOTIVE  ENGINEER.  89 

getting  into  the  front  end  and  causing  the  cin- 
ders to  ignite;  thus  cracking  or  otherwise  injuring 
the  front  end  of  the  engine  and  weakening  the 
draught. 

If  the  grates  (165)  were  burnt  out  or  broken, 
while  on  the  road,  how  would  you  manage?  1 
would  block  them  with  brick,  w^ood,  the  water 
pail^  or  other  available  substance,  if  they  were  not 
too  badly  burnt  or  broken. 

Which  is  generally  considered  to  be  the  better 
direction  to  move  a  derailed  engine  in  order  to  get 
it  back  on  the  track  ?  Retracing  the  path  it  took 
in  leaving  the  rails. 

What  precautions  should  be  taken  to  prevent 
the  engine  from  emitting  live  sparks  from  the 
smokestack  ?  Care  should  be  taken  to  see  that 
the  netting  (26)  is  in  good  condition,  and  that 
the  ash-pan  and  its  protecting  screens  are  also  in 
good  condition.  If  an  engine  throws  fire,  it 
should  be  worked  as  light  as  possible  and  slipping 
the  driving  wheels  avoided.  The  matter  should 
be  reported  to  headquarters  at  once. 

After  the  train  has  started,  why  should  the 
reverse  lever  (217)  be  hooked  towards  the  center 
of  the  quadrant  (220)  ?  To  cut  off  the  supply  of 
steam  fromtheboiler  to  the  cylinders  at  a  shorter 
point  of  the  piston  stroke. 

What  is  meant  by  working  steam  expansively  ? 
Allowing  the  steam  that  is  in  the  cylinder  (57) 
when  the  supply  is  cut  off  to  perform  the  remain- 
der of  the  stroke  by  its  expansion.  Saving  of 
fuel  is  thus  effected, 
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What  is  meant  by  the  "lead"  of  a  valve  (47)? 
The  width  of  the  opening  of  the  steam  joort  (56) 
when  the  piston  is  at  the  beginning  of  its  stroke. 
When  there  is  no  "lead"  an  engine  is  called 
"blind." 

What  is  meant  by  "outside  lap"  l  The  dis- 
tance that  the  valve  (47)  projects  over  the  outside 
edge  of  the  steam  ports  (56)  when  it  is  in  the 
center  of  the  seat.     See  Fig.  27. 


^draphicDefiniUons  of'faZi/&Dlmens'wnS' 


Why  are  locomotives  given  lap  ?  For  the  pur- 
pose of  enabling  the  engine  to  work  steam  ex- 
pansively: thus  the  steam  is  held  in  the  cylinder 
and  expanded  while  the  valve  is  traveling  the 
distance  of  its  lap. 

What  is  meant  by  "inside  lap"  ?  The  distance 
that  the  inside  edges  of  the  exhaust  cavity  of  a 
valve  overlap  the  outside  edges  of  the  bridges 
w^hen  the  valve  is  in  the  center  of  its  seat;  nega- 
tive inside  lap  is  termed  "clearance."  See  Fig.  27. 
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What  effect  would  be  produced  on  the  lap  and 
lead  by  changing  the  length  of  the  eccentric 
blades  (161  and  163)?  The  total  lapand  lead  of 
both  ends  would  be  unchanged:  what  w^ould  be 
taken  from  one  end  would  be  added  to  the 
other. 

Why  are  the  eccentric  blades  (161  and  163) 
made  adjustable?  In  order  to  equalize  the  travel 
of  the  valve  (47). 

Does  lead  increase  by  "hooking  up"  the  engine, 
or  shortening  the  cut-off,  when  the  ordinary  link 
motion  is  employed  ?  Yes,  the  earlier  the  cut-off. 
the  more  lead. 

How  can  the  total  lap  of  a  valve  be  changed  I  Only 
by  cutting  off  or  adding  to  the  edges  of  the  valve. 

How  can  lead  be  changed  ?  Only  by  moving 
the  eccentrics  on  the  axle. 

If  lead  can  only  be  changed  by  moving  the 
eccentric  on  the  axle,  how  does  "hooking  up"  an 
engine  increase  the  lead,  as  stated  above?  Be- 
cause hooking  up  throws  the  whole  motion  back 
around  the  eccentric,  which  acts  the  same  as 
throwing  the  eccentric  ahead  through  the 
motion. 

Is  it  the  engineer's  duty  to  adjust  the  valve 
motion  of  an  engine  ?  No,  except  in  case  of  de- 
rangement on  the  road;  at  all  other  times  it 
should  be  done  by  shopmen. 

What  work  about  the  engine  should  the  engi- 
neer do  before  the  engine  in  attached  to  the  train  ? 
See  that  the  wedges,  nuts  and  bolts  are  tight, 
tighten  the  rods  by  means  of  the  wedge  keys,  see 
that  the  journal  oil  boxes  are  well  packed,  see 
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that  all  frictional  parts  of  the  engine  are  properly 
oiled  and  look  after  the  headlight. 

How  would  you  proceed  to  tighten  the  driving 
box  wedges  ( 148)  ?  I  would  block  the  tank  wheels 
and  place  the  engine  on  upper  back  eighth  (see 
diagram)  on  the  side  to  be  adjusted."^  I  would 
then  push  the  lever  ahead  once  or  twice,  leave 
the  lever  forward  with  the  steam  behind  the 
pistons  and  then  push  the  loose  wedge  up.  I 
would  commence  at  the  main  drivers. 

What  are  the  proper  positions  in  which  to  key 
up  the  main  rod?  The  positions  in  w^hich  the 
wrist  pin  is  the  largest  through  the  length  of  the 
main  rod. 

What  is  the  necessity  of  keeping  the  brasses 
keyed  up  properly?  If  they  are  not  thus  keyed 
up,  they  will  become  loose  in  the  straps  and  pos- 
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*For  the  purpose  of  particularizing  the  various  positions  of 
the  driving  wheel    crank   (when   occasion    requires),    the    360 

degrees  through  which 
it  passes  are  divided  into 
eight  parts;  the  "upper 
quarter"  represents  the 
crank  pin  when  directly 
above  the  main  axle;  the 
"lower  quarter''  when 
directly  below  it;  the 
"forward  center"  lo- 
cates the  crank  pin  on  a 
straight  line  between  the 
main  axle  and  the  cylin- 
der, the  "back  center" 
180  degrees  from  there. 
Fig.  28.  The  "eights"  are  the  up- 

per, lower,  forward  and  back,  as  shown  by  diagram. 
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sibly  break,  as  well  as  loosen  everything  about 
the  engine. 

How  would  you  proceed  to  key  up  the  side  rods 
(152)  on  a  mogul  and  a  consolidation  engine?  I 
would  first  see  that  the  wedges  were  properly 
adjusted,  then  place  the  engine  on  forward  cen- 
ter on  the  side  to  be  keyed,  loosen  all  the  keys 
on  that  side,  key  the  main  connection  (See  Fig. 
18)  first,  and  then  adjust  the  front  and  back  ends 
in  the  same  manner. 

Why  is  it  necessary  to  place  the  engine  on 
dead  center  while  keying  up  the  side  rods?  In 
order  to  insure  the  keying  of  the  rods  at  the 
proper  length  and  to  avoid  a  strain  in  passing  the 
dead  centers. 

Why  should  the  side  rods  of  a  six-wheel  con- 
nected engine  be  keyed  from  the  main  connec- 
tion first?  In  order  to  get  the  proper  length  of 
all  the  rods. 

Can  the  length  of  a  side  rod  of  an  engine  be 
altered  by  keying  in  any  other  position  than  on 
the  center?  Yes,  but  any  other  position  might 
throw  the  engine  out  of  tram. 

What  provision  should  be  made  in  the  rods  for 
the  uneven  movement  of  the  boxes  on  the  pedes- 
tals? The  rods  should  be  made  as  long  as  pos- 
sible, but  still  remain  free  on  the  crank  pins  dur- 
ing a  full  revolution. 

If  an  engine  pounds  when  steam  is  shut  off, 
what  does  it  indicate?  That  something  is  wrong 
— that  the  drivers  are  flat;  that  the  main  rods 
are  too  long  or  too  short,  or  that  the  follower 
bolts  (i.  e.,  bolts  for  holding  together  the  parts 
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of  the  piston  on  the  front  side  of  the  packing 
rings)  or  something  in  the  cylinder  is  kjose."^ 

Why  will  engines  usually  pound  worse  in  full 
gear  than  when  hooked  up?  Because  in  full  gear 
the  lead  is  the  least  and  there  is  very  little  cush- 
ioning of  the  pistons. 

What  are  most  frequent  causes  of  pound- 
ing? (1)  Broken  or  loose  driving  boxes  or  (2) 
driving  box  brasses;  (3)  loose  or  broken  main-rod 
brasses  or  (4)  side-rod  brasses;  (5)  main-rod  too 
long  or  too  short,  causing  either  the  crossheads 
or  pistons  to  strike;  (6)  worn  guides;  (7)  spider 
loose  on  the  piston-rod;  (8)  follower  bolts  loose; 
(9)  piston  rod  loose  in  the  crosshead;  (10)  flat 
spots  in  the  driving  w  heel  tires. 

What  would  you  do  in  order  to  locate  a  ''pound- 
ing" in  the  driving  box  (150),  rod-brasses,  etc.  I 
would  place  the  engine  on  the  top  quarter  (see 
diagram),  block  the  driving  w^heels  on  the  oppo- 
site side,  stand  down  by  the  side  of  the  engine, 
and  have  the  fireman  w^ork  the  reverse  lever  back 
and  forth  by  the  center,  wdth  steam  in  the  cylin- 
der. Then  I  w^ould  try  the  opposite  side  in  the 
same  way. 

In  what  manner  would  you  give  an  engine  a 
thorough  inspection  on  arrival  at  your  destina- 
tion ?  I  would  inspect  the  bearings,  wheels, 
eccentrics,  springs,  hangers,  and  all  parts  of  the 
engine  that  could  be  seen.  If  any  defects  existed 
I  would  notify  the  proper  parties  of  the  fact  in 
writing. 

*The  blow  felt  on  an  engine  from  flat  Avheels,  loose  brasses, 
etc.,  is  termed  a  "pound." 
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What  is  meant  by  friction?  The  resistance 
of  two  bodies  in  contact  with  each  other;  that 
which  in  any  way  opposes  the  mechanical  motion 
or  sliding  of  one  upon  the  other. 

Upon  what  does  the  amount  of  friction  depend  ? 
It  depends  upon  the  pressure  of  one  body  bearing 
upon  another,  independent  of  the  area  in  con- 
tact; the  nature  of  the  materials  brought  into 
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contact;  the  efficacy  of  the  lubricant  used;  speed 
and  temx^erature. 

What  is  the  effect  of  introducing  oil  or  any 
other  lubricant  between  frictional  surfaces?  The 
generation  of  heat  is  prevented,  and  the  surfaces 
between  which  there  is  friction  are  prevented 
from  coming  together,  thus  minimizing  the  fric- 
tion. 

What  rule  should  be  observed  in  regard  to 
oiling  an  engine?  All  parts  requiring  it  should 
be  oiled,  using  no  more  oil  than  is  necessary.    The 
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amount  of  work  the  engine  has  to  do,  the  tem- 
perature and  the  weather  must  to  be  taken  into 
consideration. 

How  great  a  distance  should  an  engine  run  to 
a  pint  of  engine  oil,  or  a  pint  of  valve  or  cylinder 
oil,  and  how  should  an  engine  be  oiled  to  effect 
the  greatest  economy  I  The  best  record  made  by 
any  engine  of  a  similar  class  and  doing  similar 
service  should  be  equaled  or  excelled. 

Describe  the  manner  in  which  a  sight  feed 
lubricator  (224)  operates?  The  steam  is  con- 
densed into  water  and  flows  down  into  the 
reservoir,  as  water  is  heavier  than  oil.  The  oil 
rises  and  then  passes  through  a  tube  down  into  a 
cavity  in  the  bottom  of  the  lubricator,  and  then 
through  the  sight  feed  glasses,  which  are  filled 
with  water.  There  it  is  caught  by  a  jet  of  steam 
from  the  equalizing  tube  and  is  taken  into  the 
oil  pipe  (123)  leading  to  the  cylinder  (57). 

Describe  the  principle  upon  which  injectors 
(179)  work?  The  action  of  injectors  is  due  to 
the  fact  that  the  velocity  of  steam  escaping  from 
a  boiler  at  a  certain  pressure  greatly  exceeds  the 
velocity  of  water  under  the  same  pressure,  and 
consequently,  when  the  water  is  brought  in  con- 
tact with  the  steam,  the  steam  imparts  its  veloc- 
ity to  the  water,  and,  by  mixing  with  it,  is  con- 
densed. 

The  following  explanation  of  the  accompany- 
ing engraving  of  a  rudimentary  injector.  Fig.  31, 
will  make  clear  the  principle:  In  Fig.  31  the 
steam  pipe  terminates  in  the  nozzle  N,  inside  of 
a  cone  C  on  the  end  of  the  feed  pipe.     When 
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steam  is  admitted  through  valve  Y  to  the  steam 
pipe  it  escapes  through  the  nozzle  N  and  the  cone 
C,  and  this  current  of  steam  produces  a  partial 
vacuum  in  the  latter  and  in  the  feed  pipe,  thus 
drawing  water  up  from  the  water  tank  into  this 
cone  C,  where  it  encounters  the  jet  of  steam 
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from  the  nozzle  N,  both  escaping  at  A.  But 
when  the  water  mingles  with  the  current  of  steam 
in  the  cone  C  the  steam  is  condensed,  imparts  its 
velocity  to  the  water,  and  the  jet  escaping  from 
C  consists  of  water  only.  This  at  first  overflows 
at  A,  but  after  a  few  seconds  its  velocity  has  be- 
come so  great  that  the  momentum  of  the  water 
forces  the  check  valve  open  and  Hows  into  the 
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boiler  against  the  pressure  therein.  By  closing 
the  steam  valve  T,  the  injector  ceases  to  work 
and  check  is  closed  b}^  the  pressure  from  within 
the  boiler.  The  actual  construction  of  an  in- 
jector is  shown  in  Railfvcn/  Eqitipmenf.Yol.  I.,  p.  78. 

Will  an  injector  sometimes  work  better  and  an 
engine  steam  more  freely  if  the  injector  throttle 
is  partially  closed?     Yes. 

Name  some  of  the  principal  things  considered 
as  an  abuse  of  the  engine?  Lack  of  proper  care; 
slipping  the  driving  wheels  when  it  can  be 
avoided;  catching  the  driving  wheels  on  sand 
while  slipping;  working  the  engine  harder  than 
is  necessary;  reversing  while  running,  when  it 
can  be  avoided,  and  supplying  the  boiler  with 
water  irregularly. 

Why  should  sand  from  both  sand  pipes  strike 
the  rail  simultaneously?  To  avoid  straining  the 
engine  more  on  one  side  than  on  the  other; 
also  to  prevent  the  tires  from  wearing  unevenly. 

How  can  you  tell  when  a  wedge  is  stuck  ^  By 
the  way  the  engine  rides.  Wedges  are  placed  be- 
tween the  pedestal  and  the  driving  box;  the  box 
moves  up  and  down  on  faces  of  wedges;  when  it 
does  not,  or  becomes  rigid  by  being  cut,  it  is 
termed  "stuck." 

How  would  you  proceed  to  pull  down  a  wedge 
that  had  become  stuck?  By  running  the  wheel 
over  a  nut  on  the  rail  or  by  causing  a  dowmw^ard 
strain  on  the  wedge  bolt.  Being  wedge  shape, 
by  pulling  it  down  it  increases  the  space  between 
the  jDedestal  and  driving  box  and  releases  the 
latter. 
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What  is  the  principle  of  the  compound  locomo- 
tive? This  is  fully  explained  under  the  chapters 
on  the  Compound  Locomotive  hereinafter  con- 
tained. 

Explain  the  working  and  operation  of  each 
class  of  compound  locomotive  used  on  this  road. 
(See  chapters  in  this  volume  referred  to.) 

Should  the  fireman  conform  to  your  views  of 
what  is  best  while  on  the  engine  ?  Yes,  but  mat- 
ters should  be  talked  over  and  explanations  given 
when  necessary. 

In  case  of  accidents  on  a  busy  main  line  of  the 
road,  what  is  of  first  consideration  i  After  pro- 
tecting the  train,  to  get  the  main  line  clear  as 
soon  as  possible. 

What  circumstances  will  govern  procedure  in 
such  a  case?  If  the  engine  can  be  cautiously 
moved  to  a  nearby  siding,  there  would  be  the 
proper  place  to  disconnect  and  make  temporary 
repairs;  if  a  wreck  occurred  on  double  track,  one 
track  should  ])e  cleared  first  to  permit  trains  to 
pass  around  the  wreck  and  facilitate  the  work  of 
the  wrecking  car. 

To  repeat  a  former  inquiry,  wnat  is  the  proper 
method  of  firing?  Firing  light  and  often  and 
having  the  coal  broken  into  fine  pieces  and 
evenly  distributed  over  the  fire. 


AIR  BRAKE  EXAMINATION. 

Note. — In  the  book  on  Railway  Equipment  great  pains  have 
been  taken  to  describe  the  air  brake  and  how  it  is  worked:  It 
was  intended  to  be  exhaustive  or  at  least  more  complete  than 
anything  hitherto  written  on  the  subject.  What  follows  is  em- 
bodied here,  because  it  forms  a  part  of  an  examination  of 
"would-be"  engineers  that  I  am  describing  for  the  benefit  of 
those  concerned.  The  account  of  the  air  brake  in  Railway 
Equipment,  referred  to  above,  covers  nearly  a  hundred  pages 
and  is  profusely  illustrated.  I  would  recommend  it  to  firemen 
who  seek  to  be  engineers,  and  all  others  who  wish  to  post  them- 
selves in  regard  to  the  construction,  maintenance  and  operation 
of  the  air  brake. 

In  regard  to  the  particular  air  brake  referred  to  (the  West- 
inghouse),  I  adopt  that,  not  because  I  have  any  interest  what- 
ever in  the  brake  or  its  owners,  but  simply  because  it  is  more 
generally  used  than  others,  and  is  therefore  of  greater  general 
interest.  To  understand  it  thoroughly  will  enable  the  student  to 
quickly  familiarize  himself  with  other  forms,  because  while  de- 
tails differ  in  many  essential  things,  yet  the  object  and  general 
means  of  attainment  are  the  same.  M.  M.  K. 


Can  you  trace  the  air  through  the  air  brake 
system  ?  Yes.  The  air  is  received  from  the  atmos- 
phere through  the  air  cylinder  (169)  of  the  pump; 
from  there  it  is  carried  through  the  discharge 
pipe  (172)  to  the  main  drum  (99);  then  through 
the  engineer's  valve  (218) to  the  train  line  (231); 
through  the  branch  pipe,  cut-out  cock  and  triple 
valve  to  the  auxiliary  reservoir  (to  charge  the 
cars);  then  through  the  triple  valve  to  the  brake 
cylinder   (to  set  the  brake);  then  through  the 

(100) 
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triple  valve  to  the  atmosphere  (to  release  the 
brake).  When  a  retainer  is  used,  the  final  exhaust 
has  to  go  through  the  retainer. 

Are  Westinghouse  air  pumps  single  or  double 
acting  ?     They  are  double  acting.* 

Under  what  circumstances  will  a  pump  com- 
press air  in  but  one  direction?  When  any  one  of 
the  four  valves  in  the  air  cylinder  are  fast  or 
broken. 

How  should  an  air  pump  be  started  and  lubri- 
cated ?  It  should  be  started  slowly  and  should  be 
lubricated  by  putting  eight  to  ten  drops  of  cylin- 
der oil  in  the  steam  cylinder  (170)  as  soon  as  the 
water  has  worked  out.  The  harder  the  pump's 
service  the  greater  should  be  the  amount  of  oil 
supplied  thereafter. 

At  what  speed  should  a  pump  be  run  ?  It 
should  be  run  at  a  uniform  medium  speed  not  suffi- 
cient to  cause  excessive  heating. 

What  kind  of  oil,  if  any,  should  be  used  in  the 
air  cylinder  (169)  of  a  pump  and  where  should  it 
be  applied  l  Engine  oil  should  be  used,  and  it 
should  be  applied  through  the  cup  on  top  of  the  air 
cylinder  and  not  through  the  air  valves.  If  a 
pump  becomes  very  hot,  it  may  be  necessary  to 
use  valve  oil  for  temporary  relief.  The  pump 
should  be  cleaned  out  with  lye  at  the  end  of  the 
run.  The  best  method  for  cooling  it  is  to  allow 
it  to  draw  in  some  cold  water  through  the  air  suc- 
tion ports,  and  then  a  teaspoonful  of  engine  oil. 
if  necessary.  The  oil  and  condensed  water  drained 

*See  full  explanation  and  illustration  of  Air  Pump,  Appen- 
dix B. 
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from  the  steam  cylinder  (170)  of  a  pump  while 
it  is  being  started  are  good  for  the  air  cylinder 
(169),  if  it  does  not  contain  too  much  oil.  The 
air  cylinder,  it  may  be  remarked,  is  a  very  im- 
portant matter,  as  the  sensitiveness  of  all  the  air 
parts  of  a  locomotive  depends  upon  the  proper 
treatment  of  the  air  cylinder. 

What  objection  is  there  to  the  use  of  kerosene 
or  valve  oil?  Kerosene  is  liable  to  explode  and 
valve  oil  gums  that  with  which  it  comes  in 
contact. 

Should  a  swab  be  used  on  a  pump  rod?  Yes, 
metallic  packing  should  always  have  a  swab.* 

What  causes  water  to  get  into  the  main  drum 
(99)?  Compression  of  the  atmosphere  (contain- 
ing moisture)  causes  precipitation  of  water. 

How  often  should  the  main  drum  and  tender 
drain  cup  be  drained?  Daily  in  freezing  weather; 
at  other  times,  every  few  days,  according  to  the 
weather. 

What  damage  does  water  do  I  In  summer  it 
rusts  the  pipes,  and  the  scale  falliug  therefrom 
stops  the  strainers  and  cuts  the  valves.  In  win- 
ter, if  the  w^ater  freezes,  it  bursts  the  pipes,  or 
they  are  clogged  with  frost,  thus  preventing  the 
working  of  the  brakes. 

W^hat  train-line  pressure  should  be  carried  on 
an  engine  1  That  which  the  rules  and  regulations 
prescribe.    Seventy  pounds,  ordinarily,  is  the  rule. 

*A  "swab"  is  the  term  applied  to  the  cotton  wick  or  other 
absorbent  material  wrapped  around  a  piston  rod  or  valve  rod 
for  the  purpose  of  lubricating  the  rod  in  its  packing  gland. 
This  "swab"  is  kept  continually  saturated  with  oil. 
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The  engineer  is  responsible,  although  the  engine 
may  be  in  his  charge  for  only  one  trip. 

How  is  the  train-line  pressure  regulated  with 
an  1889  valve  (2)  8)  on  an  engine?  By  means  of 
the  governor  (177).* 

How  is  it  regulated  with  an  1892  (D  5,  E  6  or 
F  6)  engineer's  valve  ?  By  means  of  the  feed 
valve,  w^hen  the  governor  is  set  above  the  re- 
quired train-line  pressure. f 

What  is  excess  pressure?  The  amount  of 
pressure  in  the  main  drum  over  the  train-line 
pressure. 

When  should  excess  pressure  be  carried?  At 
all  times,  except  when  charging  a  train  at  termi- 
nals or  recharging  on  heavy  grades. 

What  is  the  value  of  excess  pressure?  It 
insures  prompt  and  certain  release  of  the  brakes, 
especially  on  long  trains.  It  is  also  used  to 
charge  cars  quickly. 

How  much  excess  pressure  would  you  carry 
with  an  1889  valve?  Fifteen  pounds  for  a  passen- 
ger or  short  train,  and  tw^enty  pounds  for  a 
freight  or  long  train. 

*The  1889  valve  is  so  designated  to  avoid  the  confusion  of 
letters  and  numbers.  I  call  it  thus  because  it  was  introduced 
in  1889.  It  is  more  generally  known  as  Z)  ^.  In  1892  another 
valve  was  introduced,  and  this  is  also  designated  by  letters  and 
numbers.  I  designate  one  the  valve  of  1889  and  the  other  the 
valve  of  1892. 

fThe  1892  valve  is  variously  designated  in  different  cata. 
logues.  The  reason  1  designate  it  as  the  1892  valve  is  because 
it  was  introduced  in  tliat  year,  and  in  order  to  avoid  the  confu- 
sion that  the  various  numbers  and  letters  cause  to  railway  men. 
Ill  some  cases  it  is  called  the  1892  valve  in  others  I)  3,  E  6,  or 
F  0.    They  aU  refer  to  one  and  the  same  valve. 
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How  much  excess  pressure  would  you  carry 
with  an  1892  valve?  Twenty  pounds  for  a  jms- 
senger  or  short  train,  and  twenty-five  to  forty- 
five  pounds  for  a  freight  or  long  train. 

Why  would  you  carry  a  different  amount  of 
excess  pressure  for  a  freight  than  for  a  passenger 
train?  Because  freight  cars  have  a  larger  train- 
line  piping,  and  there  are  usually  more  cars 
than  in  passenger  trains.  Consequently,  to  insure 
prompt  release,  more  excess  pressure  is  necessary. 
Besides  uncharged  cars  are  often  introduced 
(picked  up)  by  freight  trains;  such  trains  also 
frequently  break  in  two,  necessitating  a  large 
quantity  of  air  to  release  the  brakes. 

How  do  you  regulate  excess  pressure  with  each 
kind  of  engineer's  valve?  With  the  1889  valve 
in  running  position,  the  excess  pressure  is  regu- 
lated by  the  tension  of  the  spring  in  the  excess 
pressure  valve;  with  the  1892  valve,  if  the  feed 
valve  is  properly  set,  the  excess  pressure  is  regu- 
lated by  adjusting  the  governor. 

What  does  air  blowing  out  of  the  little  hole  in 
the  neck  of  the  top  of  the  new  governor  indicate? 
It  indicates  that  the  pin  valve  (or  diaphragm 
valve)  is  off  its  seat,  either  on  account  of  dirt  or 
on  account  of  the  tension  of  the  governor  spring 
having  been  reached. 

If  the  pump  stops  before  the  maximum  pressure 
is  attained,  what  should  be  done  first?  Shut  the 
pump  off  entirely  for  a  minute,  and  then  open  it 
quickly;  if  it  then  fails  to  start,  it  is  probable 
that  the  main  valve  is  broken  and  cannot  be 
fixed   without   protracted  delay.     If   the   pump 
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staiis,  but  stops  frequentlj',  remove  one  of  the  caps 
of  the  pump  (the  side  one  preferably)  and  put  in 
some  cylinder  oil,  replace  the  cap  and  start  the 
pump  slowly.  If  this  does  not  suffice,  remove  the 
reversing  piston  (side  cap)  and  ascertain  if  the 
packing  rings  are  broken.  If  they  are,  remove 
the  broken  pieces  and  wrap  with  candle  wicking 
and  oil.  Next  remove  the  center  cap,  pull  out 
the  reversing  valve  and  stem,  noticing  as  you  do 
so  that  the  reversing  plate  is  not  loose. 

If  these  parts  are  found  to  be  all  right,  put  them 
back  (being  careful  to  put  the  valve  in  facing  the 
reversing  piston),  and  push  the  stem  completely 
down,  replacing  the  cap.  Then  if  the  pump 
starts  and  makes  one  complete  stroke,  up  and 
down,  the  trouble  is  with  the  reversing  valve 
plate  (to  get  at  which  it  is  necessary  to  remove  the 
top  head  of  the  pump,)  or  with  the  air  piston 
— the  piston  nut  has  probably  worked  loose — to 
remedy  which,  remove  the  bottom  air  head. 

Note.— If  rubber  or  asbestos  gaskets  are  used  instead  of 
copper  to  connect  the  pump,  pieces  of  them  lodged  iu  the  small 
ports  in  the  top  head  will  stop  the  pump.  When  the  side  cap  is 
off,  it  is  a  good  plan  to  turn  on  some  steam  in  order  to  test  some 
of  these  ports.* 

Should  the  conductor  be  notified  if  the  pump 
does  not  work  ?  Yes,  at  once,  even  if  the  engineer 
expects  to  get  the  pump  working  before  the  next 
stopping  point  is  reached. 


*The  above  description  only  applies  to  the  9>^-inch  pump 
where  it  has  parts  in  common  with  the  6-inch  or  the  8  inch 
pump.     See  Appendix  B. 

8  vol  15J 
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What  are  the  essential  parts  of  the  automatic 
brake  for  cars  'i  The  train-line,  the  triple  valve, 
the  auxiliary  and  the  cylinder. 

How  can  you  distinguish  between  the  two 
kinds  of  triple  valves  ?  The  plain  triple  valve  has 
a  cut-out  cock  in  the  triple  valve  casting,  or  has 
one-half  inch  piping.  The  quick  action  triple 
valve  has  no  cut-out  cock  in  the  triple  valve  cast- 
ing; it  is  in  the  large  one-inch  or  one  and  one- 
quarter-inch  branch  pipe. 

What  are  these  cocks  for  ?  They  are  to  cut  in 
or  cut  out  the  brake — that  is,  they  are  used  to  let 
the  air  enter  a  particular  brake  apparatus  or  to 
cut  out  such  brake.  In  the  case  of  the  four-way 
cock  in  the  old  style  triple  valve,  it  also  may  be 
used  to  cut  in  to  straight  air. 

Where  is  the  compressed  air  kept  stored  for 
use  ?  For  all  purposes,  in  the  main  drum,  train- 
line  and  auxiliaries;  for  applying  brakes,  in  the 
auxiliary,  and  (with  the  quick  action  triple  valve) 
in  the  train-line. 

How  does  it  get  there  ?  The  answer  to  the 
first  question  in  the  air  brake  examination 
describes  this,  also. 

How  rapidly  does  an  auxiliary  charge  ?  At  the 
average  rate  of  about  half  a  pound  a  second, 
when  the  train-line  is  kept  at  its  maximum. 

When  should  you  bear  this  in  mind  particu- 
larly? When  charging  uncharged  cars,  or  when 
recharging  on  descending  grades. 

How  can  you  tell  the  pressure  in  the  auxiliary  ? 
In  a  practical  way  by  lapping  the  valve  (position 
3)  and  noting  the  black  hand  of  the  air  gauge 
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when  it  stops  dropping — i.  e.,  with  the  brakes 
not  set.  When  the  brakes  are  applied  the  train 
line  and  auxiliar}^  pressures  are  equal  if  an  over- 
reduction has  not  been  made. 

AVhere  does  the  air  that  enters  the  brake  cyl- 
inders come  from?  It  comes  from  the  auxiliary, 
if  service  application  is  used;  and  from  the  train- 
line  and  auxiliary  if  emergency  application  (with 
quick  action  triple  valve  only)  is  used. 

What  is  the  office  of  the  triple  valve?  It 
charges  the  auxiliary  and  sets  and  releases  the 
brake. 

How  is  the  automatic  brake  applied  and 
released?  By  the  triple  valve,  which  allows  the 
air  to  enter  and  leave  the  brake  cylinder.  The 
triple  valve  is  moved  by  increasing  the  train-line 
pressure  above,  or  decreasing  it  below  the  aux- 
iliary pressure. 

When  the  train-line  pressure  exceeas  that  of 
the  auxiliary,  what  is  the  effect  on  the  brakes  ? 
They  are  released  by  the  triple  valve. 

When  the  auxiliary  pressure  is  higher  than  the 
train-line  pressure,  what  is  the  effect  on  the 
brakes?     The  triple  valve  sets  them. 

In  making  a  service  application  with  any  given 
pressure,  what  proportion  of  it  should  you  reduce 
to  get  a  fully  applied  brake?  One-fourth  of  the 
auxiliary  pressure,  for  the  standard  piston  travel 
of  eight  inches.  This  because  the  cylinder  is  at 
that  travel  about  one-third  of  the  standard  aux- 
iliary's capacity. 

How  much  should  the  first  reduction  be?  From 
four  to  eight  pounds,  according  to  circumstances. 
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Up  to  ten  cars  of  air,  four  or  five  pounds;  from 
ten  to  twenty  cars  of  air,  five  or  six  pounds;  above 
thirty  cars  of  air,  seven  to  eight  pounds. 

Why  are  there  leakage  grooves  in  cylinders? 
To  prevent  a  slight  leak  from  applying  the 
brakes.    Driver  brakes  have  no  leakage  grooves. 

How  long  are  these  grooves?  They  are  long 
enough  to  allow  the  piston  to  move  three  inches 
before  covering  them. 

After  making  a  full  service  application,  how 
much  pressure  is  there  in  the  cylinder?  The 
same  as  in  the  auxiliary,  i.  e.,  three-fourths  of 
what  the  auxiliary  had  before  the  brake  was  ap- 
plied, for  standard  eight-inch  piston  travel. 

When  and  how  can  you  obtain  greater  pressure 
than  this?  By  using  emergency  (with  quick 
action  triples)  before  you  have  made  much  or 
any  service  application. 

What  is  meant  by  an  over-reduction?  The 
further  reduction  of  the  train-line  pressure  after 
the  pressures  of  the  auxiliary  and  cylinder  have 
equalized  (that  is,  become  equal). 

What  is  the  result  of  making  an  over-reduc- 
tion ?  It  is  a  useless  waste  of  air  and  results  in 
an  irregular  and  oftentimes  difiicult  release  of 
the  brakes. 

If  you  do  not  make  an  over-reduction,  how 
much  air  is  it  necessary  to  restore  to  the  train-line 
in  order  to  release  all  of  the  brakes?  If  an  over- 
reduction is  not  made  on  any  car,  the  brakes  will 
all  release  together  by  a  sudden  increase  of  but  a 
pound  or  two,  even  though  the  cars  have  an 
unequal  piston  travel. 
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How  many  applications  are  necessary  to  make 
a  stop?     One,  usually,  but  not  more  than  two. 

What  is  the  objection  to  more?  Each  applica- 
tion reduces  the  reserve  pressure  in  the  auxiliary 
reservoir. 

When  would  you  make  more  than  one  applica- 
tion in  making  a  stop  with  a  passenger  train  ? 
When  at  yard  limits,  draw  bridges,  railroad  cross- 
ings, meeting  ]3oints,  or  other  places  of  danger ; 
also  when  a  slippery  road  crossing  is  reached  just 
before  a  stop  is  to  be  made,  or  at  a  place  where 
sand  cannot  be  depended  upon. 

Why  is  it  dangerous  to  repeatedly  apply  and 
release  the  brakes?  Because  each  application 
reduces  the  auxiliary  pressure,  and,  if  there  is  not 
sufficient  time  between  the  applications  to  re- 
charge, the  braking  power  is  greatly  weakened. 

How  would  you  handle  the  engineer's  valve  in 
releasing  the  brakes  ordinarily  ?  I  would  move 
it  to  full  release  (position  1)  and  bring  it  imme- 
diately to  running  position  (position  2)  before 
removing  my  hand  from  the  handle. 

What  separates  the  main  drum  from  the  train- 
line  pressure?  The  rotary  valve  of  the  engineer's 
valve  when  the  handle  is  at  any  place  except  on 
full  release.  Also  the  feed  valve  of  an  1892 
valve  or  the  excess  pressure  valve  of  an  1889 
valve  separates  these  pressures  in  running  posi- 
tion only. 

Explain  the  effect  of  a  cut  or  leaky  rotary  valve 
or  seat?  It  generally  causes  a  loss  of  excess  in 
running  position  and  releases  the  brakes  on  lap. 
While  a  rotary  valve  might  be  cut  in  many  ways, 
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usually  the  leak  is  from  the  main  drum  to  the 
train-line,  as  the  seat  between  the  two  is  only  a 
quarter  of  an  inch  broad. 

How  would  you  do  good  braking  with  a  leaky 
rotary?  "Good  ' — the  word  is  comx)arative. 
Uough  handling  of  the  train  or  jerking  could  be 
avoided  if  the  train-line  exhaust  was  allowed  to 
blow  out  as  much  air,  or  more  than  the  leaky 
rotary  was  putting  into  the  train-line. 

Is  a  leaky  rotary  considered  dangerous?  Yes, 
and  a  proper  test  before  taking  the  engine 
out  of  the  house  would  have  determined  the 
defect. 

Why  is  it  necessary  to  keep  the  rotary,  feed  and 
excess  pressure  valves  clean?  Because  gum  or 
dirt  will  cause  them  to  open  or  leak  when  they 
should  be  closed,  or  will  cause  them  to  close 
when  they  should  be  open.  Excellent  work  can- 
not be  done  if  these  valves  are  not  kept  clean. 

Where  are  these  valves  located?  The  rotary 
valve  is  located  under  the  handle  key  of  both 
engineer's  valves.  The  feed  valve  is  located  on 
the  side  of  the  1892  engineer's  valve.  The  excess 
pressure  valve  is  located  on  the  side  of  the  1889 
engineer's  valve. 

What  is  the  purpose  of  the  engineer's  brake 
valve  drum?  It  enlarges  the  cavity  above  the 
equalizing  piston  without  taking  up  space  inside 
of  the  cab  and  making  a  bulky  valve.  This  space 
being  large,  permits  a  preliminary  exhaust  open- 
ing large  enough  not  to  become  easily  stopped 
up,  and  yet  a  very  slight  reduction  in  the  pressure 
can  be  had. 
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If  this  drum  should  spring  a  leak  od  the  road, 
what  would  you  do  to  accomplish  good  braking  ? 
I  would  plug  the  connection  to  it,  plug  the  train- 
line  exhaust,  and  use  the  handle  in  direct  appli- 
cation (position  5),  opening  it  carefully  so  as  to 
avoid  quick  action,  and  closing  it  slowly  so  as  to 
prevent  the  surge  of  air  ahead  from  releasing  the 
head  brakes. 

State  the  different  positions  of  the  engmeer's 
valve.  Full  release  (1),  running  (2),  lap  (3), 
service  stop  (4),  and  direct  application  or  emer- 
gency (5). 

What  harm  is  causea  by  leaving  the  1889  en- 
gineer's valve  on  lap  a  long  time  and  then  releas- 
ing? With  this  valve  the  governor  will  allow  a 
high  main  drum  pressure  to  accumulate,  if  the 
train-line  is  below  standard  when  the  handle  is 
on  lap.  Putting  this  into  the  train-line  upon 
releasing,  a  burst  hose  will  result,  auxiliaries  be 
overcharged  and  governor  injured. 

Would  you  run  a  pump  fast  with  an  1889  valve 
when  on  a  grade  ?  Not  unless  there  was  a  long 
train  which  had  to  be  recharged  frequently  on 
account  of  leakage. 

What  is  the  function  of  the  air  pump  governor? 
It  automatically  shuts  off  the  supply  of  steam  to 
the  pump  when  the  maximum  air  pressure  has 
been  obtained  and  readmits  steam  to  the  pump 
when  the  air  pressure  it  is  regulating  falls  below 
the  standard  amount. 

What  might  prevent  the  governor  from  shut- 
ting off  the  steam  when  the  maximum  pressure 
had  been  obtained  'i     The  drain  or  waste  pipe  be- 
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ing  stopped  or  frozen  up;  stoppage  of  the  relief 
port  in  the  spring  cap;  too  long  adiaphram  valve; 
excessive  leakage  by  the  governor  piston  or 
above  it;  with  new  governors;  the  spring  under 
the  diaphragm  valve  head,  broken  or  missing. 

If  the  governor  became  inoperative, what  would 
you  do  to  get  it  in  working  order  ?  I  would  try 
to  adjust  it  by  adjusting  the  spring.  Then  if  it 
failed  to  work,  I  would  relieve  it  of  pressure  and 
clean  the  diaphragm  valve  and  valve  seat  with 
soft  wood  or  something  that  would  not  scratch  or 
cut  them. 

What  would  you  do  if  the  governor  did  not 
allow  you  more  than  thirty  or  forty  pounds  of 
air,  although  you  had  adopted  the  above  means 
of  repair  ?  I  would  disconnect  the  air  pipe  lead- 
ing to  the  governor  and  plug  it  up,  using  the 
pump  throttle  to  regulate  the  pump  for  the 
remainder  of  the  trip. 

What  is  the  cause  of  gum  or  dirt  in  the  gov- 
ernor ?  Oil  from  the  air  cylinder,  or  the  running 
of  the  pump  over  an  ash-pit  or  other  dirty  or 
dusty  place. 

Why  should  the  brakes  on  a  passenger  train  be 
released  before  the  train  is  brought  to  a  full 
stop  ?  To  avoid  the  disagreeable  lurch  which  is 
caused  by  the  trucks  being  tilted  when  the  train 
stops.  The  greater  the  amount  of  air  in  the 
brake  cylinder  at  the  instant  of  release,  the 
longer  it  will  take  it  to  escape,  and  this  must  be 
allowed  for  in  order  to  get  a  release  at  exactly 
the  right  time. 
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Why  should  you  not  release  the  brakes  on  a 
freight  train  before  coming  to  a  full  stop?  It  is 
not  necessary  to  do  so,  because  the  brakes  on 
freight  cars  are  generally  hung  differently  from 
those  on  passenger  cars,  and  the  train  may  break 
in  two. 

When  would  you  use  the  emergency  applica- 
tion of  the  brake?  Only  when  necessary  to  pre- 
vent the  loss  of  life  or  property.* 

Does  the  emergency  jerk  most  when  going  fast 
or w^hen  going  slowly?     When  going  slowly. 

How  should  the  brakes  on  a  freight  train,  with 
only  a  part  of  the  cars  having  air  brakes,  be 
applied  and  released?  They  should  be  applied 
lightly  at  first,  increasing  the  pressure  when  nec- 
essary. They  should  not  be  released  until  the 
train  has  stopped. 

If  necessary  to  release  a  part  air  brake  train 
when  moving,  how  do  you  handle  the  engineer's 
valve?  Place  the  handle  in  running  position 
(2),  and  then  move  it  back  to  lap  quickly,  repeat- 
ing this  several  times  until  nearly  all  of  the 
brakes  have  been  released,  each  time  leaving 
the  handle  in  a  running  position  a  little  longer 
than  the  previous  time;  finally,  throw  the  handle 
to  full  release  and  then  back  to  running  position. 

When  should  the  hand  brakes  be  set  on  the 
rear  of  a  train?  Only  upon  a  call  for  brakes,  or 
when  a  part  air  brake  train  is  backing  up.  In  the 
latter  case,  most  of  the  braking  should  be  done 


*Referenceto  Appendix  A  will  show  that  a  locomotive  should 
not  be  reversed  after  applying  the  brakes  in  emergency. 
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by  using  the  hand  brakes  at  the  rear.  When  the 
engineer  requires  assistance,  because  of  too  few 
air  cars,  the  hand  brakes  immediately  behind  the 
air  brake  cars  should  be  used. 

If  you  find  the  brakes  dragging,  how  can  you 
release  them?  By  using  excess  very  quickly,  if 
you  have  it.  If  not,  by  setting  the  brakes  enough 
to  get  excess,  and  then  releasing  quickly. 

Why  is  it  necessary  to  test  the  air  brake  appa- 
ratus before  starting?  To  insure  the  safety  and 
celerity  of  trains  upon  the  road. 

Describe  the  proper  method  of  testing  brakes 
on  a  train.  Beginning  at  the  rear,  the  brakeman 
should  couple  all  the  hose,  open  all  the  angle 
cocks  except  the  one  at  the  rear,  see  that  all  the 
cars  are  cut  in  (except  such  as  are  marked  defec- 
tive), see  that  all  the  hand  brakes  are  off,  and  the 
retainers  open,  with  the  handles  pointing  down. 
The  engine  should  be  cut  in  last.  While  the 
engine  is  charging  the  cars,  the  brakeman  should 
pass  along  the  train  and  inspect  it  carefully  to 
ascertain  if  there  are  any  leaks.  In  charging  a 
train,  the  pump  should  be  run  according  to  the 
temperature  of  the  weather,  in  order  to  charge 
the  train  reasonably  fast  without  overheating  it. 
Where  there  are  the  average  leaks,  an  eight- 
inch  pump  should  charge  a  train  in  about  one- 
half  as  many  minutes  as  there  are  cars;  a 
nine-and-one-half-inch  pump  twice  as  quickly. 
After  the  train  is  charged  and  the  engineer  is 
satisfied  that  it  is  reasonably  free  from  leaks, 
the  head  brakeman  (stationed  at  the  head  air 
brake    car)    should    signal    the  rear    brakeman 
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(stationed  at  the  rear  air  brake  car),  who  should 
repeat  the  signal.  After  the  engineer  gets  the 
signal  from  the  rear  man,  he  should  apply  fifteen 
to  eighteen  pounds  in  service  application  and 
place  the  engineer's  valve  handle  on  lap.  The 
brakemen  should  now  walk  toward  each  other, 
inspecting  each  car,  to  see  that  it  sets  and  holds 
— noting  the  piston  travel  as  well.  After  this  has 
been  done,  they  should  signal  the  engineer  to  re- 
lease. Then  the  brakemen  should  pass  each  to 
his  respective  end  of  the  air  brake  cars  to  see 
that  all  the  brakes  have  been  released,  and,  in 
winter,  see  that  no  shoes  are  frozen  to  the  wheels. 
The  head  brakeman  should  then  advise  the  en- 
gineer as  to  the  number  of  air  cars  that  are  in 
good  w^orking  order,  and  the  tonnage  or  length  of 
the  train. 

In  testing  brakes,  w^hy  is  it  not  advisable  to  use 
the  emergency  application?  Because  the  use  of 
service  application  is  the  ordinary  method  of 
stopping  a  train.  Some  defective  brakes  will  set 
in  an  emergency  application  that  will  not  set  in 
service  application. 

Why  should  a  full  reduction  be  made,  and  not 
five  or  six  pounds?  Because  some  cars  may 
charge  five  or  six  pounds  faster  than  others,  if 
charged  rapidly.  A  proper  test  must  insure  the 
setting  of  every  car  that  is  in  fair  condition. 

In  making  a  test  with  a  train  standing,  if  any 
brake  in  the  train  sets  quick  action,  how  can  it  be 
detected?  By  noticing  the  train-line  exhaust 
from  the  engineer's  valve.  If  it  stops  suddenly 
while  the  brake  valve  is  in  service  position  (it 
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may  start  again  or  not,  according  to  how  much 
reduction  is  made),  it  shows  that  the  train-line 
pressure  has  suddenly  dropped  faster  and  lower 
than  the  pressure  above  the  equalizing  discharge 
piston.  Emergency  does  this  by  venting  the 
train-line  pressure  directly  to  the  brake  cylinder 
suddenly. 

How  would  you  proceed  to  ascertain  in  which 
car  the  trouble  was?  One  method  is  to  set  about 
five  pounds  in  service  application  and  then  find 
out  which  cars  having  the  quick  action  triple 
valve  are  not  set;  have  some  one  watch  each  car 
while  increasing  three  to  five  pounds  more  in  the 
service  application.  The  car  that  sets  in  quick 
action  first  is  the  defective  one,  but  as  emergency 
travels  at  the  rate  of  about  twenty-three  cars  per 
second,  it  is  best  to  cut  out  one  of  the  cars  that  did 
not  set  at  the  first  reduction,  and  have  the  appli- 
cation continued;  if  this  proved  not  to  have  been 
the  one  thus  defective,  test  the  train  again, 
cutting  out  another  car  that  failed  on  the  first 
application,  until  the  defective  car  is  located. 
Another  and  ordinarily  shorter  method  is  as  fol- 
lows: Cut  the  air  cars  in  two  equal  sections  and 
repeat  the  test  for  trying  brakes.  This  will  tell 
which  half  of  the  train  is  defective.  Then  take 
one-quarter  or  three-quarters,  according  to 
whether  the  defective  car  is  in  the  front  half  or 
back  half  of  the  train,  and  continue  in  this  way 
(never  trying  with  less  than  three  car  lengths 
of  piping)  until  the  defective  car  is  found  and 
cut  out.  A  broken  graduating  pin  in  the  quick 
action  triple  valve  will  cause  a  brake  to  set  quick 
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action,  and  although  this  rarely  occurs,  no  train 
should  be  taken  out  of  the  station  until  the  de- 
fective car  is  located  and  cut  out.  It  should  be 
done  before  damage  occurs. 

If  one  triple  valve  goes  to  emergency,  will  the 
others  follow  ?  Yes,  if  it  is  a  quick  action  triple, 
all  the  other  triples  of  either  kind  will  go  to 
emergency.  Rare  exceptions  to  this  rule  may 
occur  where  a  large  number  of  plain  triples  or 
cars  having  brakes  cut  out  are  placed  together  in 
a  train. 

Before  starting  from  a  terminal  station,  or 
where  a  change  is  to  be  made  in  a  train,  is  it 
the  engineer's  duty  to  find  out  how  many  cars 
there  are  in  his  train  with  and  without  air 
brakes?  Yes,  it  is  his  duty  to  find  out  how 
many  cars  there  are  with  air  brakes.  To  know 
the  tonnage  of  a  train  is  more  valuable  than  to 
know  the  number  of  cars. 

In  making  a  careful  test,  why  is  it  necessary 
to  hold  the  brakes  applied  for  a  minute  or  longer  ? 
Because  the  longer  the  brakes  can  be  left  applied 
the  more  certain  it  is  that  they  will  hold  for  a 
long  and  difficult  stop. 

Where  else,  except  at  starting  points,  should  a 
terminal  test  be  made  ?  When  changing  engines, 
or  adding  a  double  header  (another  engine)  after 
long  delays  have  occurred  on  the  road,  and  at  the 
summit  of  very  heavy  descending  grades.  When 
air  brake  cars  are  added  to  a  train,  a  terminal 
test  of  such  cars  should  be  made  by  the  forward 
brakeman,  while  the  rear  brakeman  should  see 
that  the  rear  air  brake  car  can  be  applied  and 


118  DUTIES  AND  RESPONSIBILITIES 

released  from  the  engine.  When  the  engine 
is  cut  off,  or  the  train  cut  in  two  at  a  crossing,  or 
elsewhere,  it  should  be  ascertained  that  the  en- 
gineer can  set  and  release  the  rear  air  brake  car. 

When  the  brakes  apply  suddenly  without  the 
action  of  the  engineer,  what  is  the  caused  The 
train  has  parted,  the  hose  has  broken,  or  a  valve 
has  pulled  open. 

What  should  be  done  in  such  a  case?  The 
engine  throttle  should  be  shut  off'  and  the  air 
brake  handle  should  be  put  on  lap  (position  3)  as 
quickly  as  possible."^ 

If  you  find  that  the  train  has  broken  in  two, 
what  would  you  do  so  as  to  be  able  to  get  under 
way  again  promptly?  When  the  train  has  been 
brought  to  a  stop,  I  would  place  the  handle  in 
running  position  to  see  if  the  train  pipe  is  still 
open.  If  I  thought  it  was  a  burst  hose,  I  would 
keep  the  handle  moving  from  lap  to  running  posi- 
tion and  back,  so  that  the  trainmen  could  hear 
the  air  escaping  from  the  burst  hose.  If  I  find 
that  the  black  hand  is  gaining  in  running  posi- 
tion, I  would  know  that  the  trainmen  had  found 
the  defect  and  had  closed  the  angle  cock  ahead 
of  it.  I  would  then  release  the  head  brakes  and 
lap  the  valve  so  as  to  pump  up  excess  ready  to 
release  the  rear  cars  when  the  hose  had  been 
replaced,  or  the  train  recoupled  if  it  has  been 
parted. 

*No  attempt  should  be  made  to  get  away  from  the  near  por- 
tioa  of  the  train.  Increasing  the  distance  of  separation  between 
the  parts  wiU  only  increase  the  violence  of  their  finally  running 
together. 
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If,  after  recoupling,  you  could  not  release  all 
the  brakes  at  once,  how  would  you  handle  the 
eugineer's  brake  valve  in  order  to  do  so  the  most 
quickly  I  I  w^ould  lap  the  valve  and,  after  get- 
ting about  twenty  pounds  of  excess,  I  would  try 
to  release  with  this,  repeating  the  operation  until 
all  the  brakes  w^ere  released.  I  should  never 
leave  the  engineer's  valve  handle  in  release  posi- 
tion expecting  the  action  of  the  pump  to  release 
all  the  brakes. 

How  should  you  handle  the  engineer's  valve  in 
backing  up  a  train  where  a  "tail  hose"  is  being 
used  at  the  rear  end?*  Leave  it  in  a  running 
position  all  the  time,  running  the  pump  a  little 
more  slowly  than  usual.  Before  backing  out  of 
the  yard,  as  a  test,  the  rear  man  should  set  the 
brake  while  the  train  is  moving,  and  stop  it 
against  the  working  of  the  engine. 

When  two  or  more  engines  are  coupled  to- 
gether, which  engine  should  do  the  braking? 
The  forward  engine. 

What  would  you  do  on  the  other  engines  ?  I 
would  close  the  stop  cock  in  the  train-line  under 
the  engineer's  valve  and  run  the  pumps,  keeping 
the  engineer's  valve  handles  in  running  position. 

*A  "tail  hose"  or  "back  up  hose"  is  a  long  hose  to  be  coupled 
to  the  rear  air  brake  hose  of  the  last  car,  and  has  on  its  extreme 
end  a  valve  by  which  the  trainman  operating  it  may  allow  air 
to  escape  from  the  train-line  to  apply  brakes.  This  hose  is 
used  where  passenger  trains  are  backed  any  considerable  dis- 
tance. In  conjunction  with  the  valve,  it  frequently  has  an  air 
whistle  with  which  to  sound  warnings  on  approaching  street 
crossings,  etc.  The  tree  end  of  the  "tail  hose"  is  fastened  to 
the  platform  hand  railing,  so  as  to  be  readily  accessible  to  the 
operator  from  the  platform  of  the  rear  car. 
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All  the  engines  should  be  equipped  with  such 
stop  cocks. 

Would  you  do  any  differently  in  cold  weather 
than  you  would  in  warm  weather?  Yes,  in  winter 
the  pump  on  the  rear  engine  must  be  kept  mov- 
ing, even  if  it  is  necessary  to  break  some  pipe 
joint  to  cause  a  leak. 

What  variation  is  allowable  in  the  brake  piston 
travel  on  cars,  tenders,  drivers  and  engine  truck  'I 
Generally  speaking  the  piston  travel  should  be 
kept  between  one-half  to  three-fourths  the  length 
of  all  kinds  of  brake  cylinders  except  drivers.  It 
is  advisable,  however,  that  freight  cars  be  taken 
up  to  five  inches  when  empty  and  drivers  are  best 
kept  betAveen  two  and  four  inches.  It  occurs  in 
the  practice  of  some  companies,  that  engine 
trucks  and  ore  cars  or  other  cars  of  special  con- 
struction have  cylinders  but  eight  inches  long. 

How  is  the  slack  taken  up  in  each  ^ase  ?  In 
passenger  cars  it  is  taken  up  by  the  turn  buckles 
or  dead  levers.  In  freight  cars  and  tenders  it 
is  taken  up  by  the  dead  levers,  or  bottom  rods 
for  inside  connected  brakes.  In  cam  driver 
brakes,  it  is  taken  up  by  lengthening  the  arms, 
and  in  truck  brakes  by  lengthening  the  outside 
arms.* 

How  can  brake  shoes  be  kept  from  rubbing 
against  the   tires   continually  on    eight-wheeled 

*The  cam  driviDg  brake  is  placed  between  two  adjacent  driv- 
ing wlieels — mainly  on  locomotives  having  but  two  pair  of 
drivers.  Formerly  it  was  largely  applied  to  the  two  rear  driv- 
ers of  moguls  and  ten-wheel  engines.  The  more  modern  form 
is  "the  outside  equalized  brake"  as  shown  in  the  chart  of  the 
Standard  American  Locomotive  (Plate  !.)• 
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engines?  By  adjusting  the  screws  of  supporting 
rods  or  by  adjusting  springs. 

How  are  the  outside  equalized  brakes  adjusted? 
Both  the  steam  and  air  brakes  are  adjusted  by 
tightening  the  adjusting  screw  located  near  the 
rear  driver  on  each  side. 

How  does  the  variation  of  piston  travel  affect 
the  braking  power  ^  The  braking  power  is 
increased  by  the  shortening  of  the  piston  travel, 
and  vice  versa. 

With  the  same  piston  travel,  can  loaded  and 
empty  cars  be  stopped  alike  ?  No,  they  will  neither 
hold  nor  stop  alike  on  account  of  the  variation 
of  weight  to  be  stopped,  but  the  brake  itself 
exerts  about  the  same  force  in  both  cases. 

Why  should  the  brakes  be  released  before 
uncoupling  from  a  train  ?  In  order  that  the  cars 
can  be  switched  and  car  repairers  can  tap  (test) 
the  wheels  or  jack  up  a  journal  box;  also  to  pre- 
vent the  shoes  from  freezing  to  the  wheels,  and 
especially  because  a  brake  that  is  applied  leaks 
so  rapidly  that  in  changing  engines  it  may  be 
found  that  mach  of  the  air  has  escaped. 

What  should  be  done  with  the  air  hose  at  each 
end  of  an  engine  before  coupling  to  the  train? 
Air  should  be  blown  through  them,  or  they  should 
be  shaken  out  by  hand  to  clear  them  of  dirt  and 
dust.* 

What  is  the  pressure  retaining  valve?  It  is  a 
weighted  valve  which  the  triple  exhaust  has  to 

*The  rules  of  some  roads  require  that  whenever  air  hose  are 

not  coupled  together  they  shall  be  hung  up  in  dummy  couplings 

provided  for  that  purpose. 
9  vol  X% 
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raise  in  order  to  escape  it  when  the  retainer 
handle  is  turned  up,  and  has  to  be  turned  up 
before  the  brake  is  released. 

What  is  its  use?  It  retards  the  release  and 
finalh^  holds  from  fifteen  to  twenty  pounds  of  air 
in  the  brake  cylinder  while  the  auxiliary  is  being 
recharged. 

In  descending  a  grade,  what  is  the  best  way  to 
keep  a  train  under  control?  The  best  way  is  to 
apply  the  air  lightly  while  the  train  is  moving 
slowly,  keep  the  train  at  a  slow  speed,  and  the 
train-line  pressure  as  high  as  possible  all  the 
time.  To  do  this,  if  it  is  necessary  to  recharge, 
reduce  the  speed  below  the  average  just  before 
recharging.  To  recharge,  handle  the  train  as 
though  a  flagman  had  been  sent  half  a  mile 
ahead,  i.  e.,  go  slow  and  exercise  caution. 

In  switching  with  an  air  brake  train  and  pick- 
ing up  uncharged  cars,  how  should  the  engineer's 
valve  be  handled  ?  As  a  high  main  drum  press- 
ure will  release  a  low  auxiliary  pressure,  this 
condition  should  be  obtained  before  coupling  to 
the  uncharged  cars.  Then  the  pressure  should  be 
released,  and  the  handle  left  in  full  release  until 
the  pointers  of  the  air  gauge  commence  to 
rise. 

Do  you  consider  a  good  light  on  the  air  gauge 
as  important  as  on  the  steam  gauge  ?  Yes,  more 
so,  as  steam  is  indicated  by  the  working  of  the 
engine,  while,  until  ready  for  its  use,  there  is  no 
certain  indication  of  the  amount  of  air  pressure 
except  by  the  gauge,  which  must  be  clearly  seen. 
Clear  vision  of  the  air  gauge  at  night  is  very  im- 
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portant  and  should  be  given  proper  attention; 
the  light  from  the  fire-box  when  the  door  is  open 
is  not  sufficient. 

How  often  should  the  air  gauge  be  observed  ? 
When  whistling  for  road  crossings,  or  similar 
places,  and  about  two  miles  from  all  dangerous 
places  or  places  where  the  train  is  to  stop. 

Can  one  tell  approximately  how  many  air 
brake  cars  are  attached  to  the  engine  by  a  fixe  or 
six  pound  reduction?  Yes,  the  length  of  the 
blow  from  the  train-line  exhaust  indicates  this 
approximately.  It  is  easy  to  discern  a  few  from 
many  cars. 

How  far  from  important  stops,  meeting  points, 
railroad  crossings,  etc.,  should  the  first  brake 
application  be  made  I  Not  less  than  a  mile  on 
freight  trains,  and  on  passenger  trains  the  dis- 
tance should  be  far  enough  to  insure  safety  in 
case  the  brakes  fail  to  work  satisfactorily.* 

For  what  purposes  and  in  what  way  is  air  taken 
from  the  main  drum  I  For  many  purposes.  It 
is  taken  by  the  train-line,  air  signal,  air  bell 
ringer,  air  sander,  air  blow-off  cocks,  and  air 
flanger. 

Will  a  ten  pound  reduction  from  seventy 
pounds  set  a  brake  any  harder  than  a  ten  pound 
reduction  from  fifty  pounds  initial  train-line 
pressure  ?  No,  not  with  a  standard  piston  travel, 
or  greater  than  the  standard. 

If  you  had  but  forty  pounds  of  air,  how  much 
would  you  reduce  to  obtain  full  power?     One- 

*Some  railroads  require  a  ruuningtest  at  least  two  miles  from 
all  such  points  and  at  the  summit  of  heavy  grades. 
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fourth  with  standard  eight-inch  piston  travel 
would  be  a  full  application. 

Why  is  it  important  to  keep  the  driver  brakes 
in  good  order  -.  Because  they  are  the  most  power- 
ful brakes  on  the  train  and  the  most  costly.  They 
keep  the  tires  worn  down,  prevent  the  engine 
from  pulling  away  from  the  tank,  and  prevent 
the  train  from  parting  near  the  head  end. 

How  do  you  test  for  leaks  in  driver  breaks? 
First,  apply  them.  (Emergency  application  will 
hold  longer  than  service  application  and  the 
straight  air  will  supply  loss  from  leakage.) 
Everything  from  the  triple  valve  to  both  cylin- 
ders, and  all  the  parts  of  both  cylinders  should 
then  be  examined  with  a  torch.  A  gauge  screwed 
into  the  oil  hole  of  the  cylinder  also  affords  an 
accurate  test. 

When  do  wheels  generally  slide,  at  high  or  at 
low  speed  ?     At  low  speed. 

Which  is  the  more  likely  to  slide,  a  freight  or 
a  passenger  car  ?  A  passenger  car,  as  it  has  a 
braking  power  of  ninety  per  cent  of  its  weight 
under  quick  action,  while  a  freight  car  has  seventy 
per  cent  or  less. 

How  would  you  stop  a  passenger  train  when 
the  track  was  slippery  ?  Apply  the  sand  a  train 
length  before  applying  the  air,  and  only  shut  off 
the  sand  when  the  train  had  come  to  a  stop. 
Less  air  should  be  used  than  at  other  times,  as 
the  sand  helps  the  brake  shoes  to  hold  as  well  as 
the  rail. 

When  is  the  rail  most  slippery  ?  When  there 
is  a  frost,  or  the  rail  is  lightly  sprinkled.     When 


OF  THE  LOCOMOTIVE  ENGINEER.  125 

cinders  or  coal  screenings  are  used  for  ballast, 
the  rail  is  rendered  more  slippery. 

If  it  is  impossible  to  depend  upon  sand,  as  in 
the  case,  say,  with  a  side  wind,  or  if  the  sand 
pipes  should  stop  up,  how  should  the  braking  be 
done  ?  To  make  a  sudden  stop,  from  ten  to  fif- 
teen pounds  should  be  applied  about  the  same 
distance  from  the  stopping  point  as  in  the  case  of 
a  good  rail.  When  the  train  is  reduced  to  a 
speed  of  from  fifteen  to  eighteen  miles  per  hour, 
all  the  brakes  should  be  released  and  then  five  to 
eight  pounds  applied,  or  not  enough  pressure  to 
make  the  wheels  slide.* 

Does  the  black  hand  of  the  air  gauge  show  the 
train-line  pressure  at  all  times?  No;  only  in 
full  release  or  running  position,  or  on  lap  at  the 
instant  the  train-line  exhaust  starts  or  stops.  It 
always  shows  the  pressure  in  the  cavity  (and 
little  drum  connected  thereto)  above  the  equal- 
izing discharge  piston. 

Are  the  train -line  pressure  and  the  auxiliary 
pressure  always  the  same  ?  No.  While  releasing 
or  charging,  the  train-line  pressure  is  greater 
than  the  auxiliary  pressure.  While  setting,  or 
after  making  an  over-reduction,  the  train-line 
pressure  is  less. 

With  an  1889  engineer's  brake  valve  can  you 
supply  a  leak  in  the  train-line  with  the  handle 
in  running  position  ?     Yes,  if  in  releasing  after 

*The  speed  curve  ia  Fig.  32  shows  clearly  that  it  is  the  reduc- 
tion of  the  high  velocity  that  requires  the  severest  application, 
while  a  low  speed  can  easily  be  overcome  by  a  light  application, 
and  it  is  then  that  wheels  are  most  liable  to  slide. 
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brake  applications  you  move  the  handle  to  full 
release  and  bring  it  immediately  to  rmming  posi- 
tion before  letting  go  of  it. 

What  is  the  result  of  leaving  the  handle  of  the 
engineer's  valve  in  full  release  too  long  and  then 
returning  it  to  running  position?  Any  leak  in 
the  train  will  set  the  brake,  and  the  engineer's 
valve  is  not  ready  to  overcome  it. 

What  is  indicated  by  noticing  the  discharge 
from  the  train-line  exhaust  nijDple  ?  About  the 
number  of  cars  in  the  train;  also,  when  applying 
service  application  it  will  indicate  whether  the 
brakes  will  act  with  emergency  application  or 
not.  When  the  handle  is  placed  in  release  posi- 
tion, a  blow  from  the  train-line  exhaust  indicates 
few  or  no  cars. 

If  the  air  signal  whistle  blows  every  time  the 
brakes  are  released,  what  is  wrong  ?  The  press- 
ure reducing  valve  needs  cleaning,  as  it  does  not 
reduce  the  main  drum  pressure. 

When  the  weather  is  cold  is  it  desirable  you 
should  examine  the  tank  wheels  before  starting, 
to  see  if  the  shoes  are  frozen  to  them,  and,  if  so, 
to  effect  their  release?  Yes,  particularly  so,  as 
there  is  great  liability  of  w^ater  dripping  from 
the  tank. 

Should  a  passenger  train  going  at  high  speed 
be  steadied  by  the  brakes  while  on  a  curve  or 
rough  place  ?  Yes.  The  brakes  should  be  applied 
a  little  before  reaching  the  place,  and  held  on 
until  the  whole  train  has  passed. 

If  short  of  air,  how  can  you  distinguish  whether 
the  trouble  is  with  the  pump  or  with  the  gov- 
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ernor  ?  By  reducing  the  pressure  that  the  gov- 
ernor regulates  or  by  letting  it  all  out.  Then,  if 
the  pump  works  all  right,  the  trouble  is  probably 
in  the  governor.  If  the  pump  does  not  work  all 
right,  the  trouble  is  probably  in  the  pump. 

Would  the  air  brake  on  a  car  work  properly 
with  the  retainer  broken  off  ?  Yes,  if  not  plugged 
up. 

How  many  air-brake  cars  should  be  operated 
by  one  engine?  To  the  extent  of  the  train-limit. 
If  the  brakes  leak,  complaint  should  be  made 
forthwith  and  the  defects  remedied. 

With  an  independent  brake  on  the  engine,  if 
you  were  backing  up,  which  would  you  apply 
first,  the  automatic  brake,  or  the  independent 
brake  ?     The  automatic  train  brakes. 

How  often  should  you  report  defects  in  the  en- 
gine, that  need  repairs?  Daily,  and  at  every 
roundhouse  your  engine  enters. 

Do  you  appreciate  the  fact  that  the  proper 
handling  of  the  air  brake  on  trains  is  one  of  the 
most  difficult  tasks  that  an  engineer  has  to  per- 
form, and  that  its  proper  handling  so  as  to  secure 
the  comfort  of  passengers  and  the  safety  of  life 
and  property  requires  close  attention  and  the 
exercise  of  good  judgment?     Yes. 

Is  it  not  a  fact  that  the  failure  of  the  air  brakes 
to  work  is  almost  invariably  due  to  the  neglect 
of  some  one  to  do  the  right  thing  at  the  right 
time  ?     Yes. 

Is  it  the  duty  of  an  engineer  to  observe  and 
study  with  xDainstaking  care  any  and  all  new  fix- 
tures and  appurtenances  introduced  from  time  to 
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time  in  connection  with  the  air  brake  or  other 
features  of  the  engine?  Yes;  his  imperative 
duty.* 


*In  closing  this  examination  the  attention  of  the  reader  is 
again  respeetiuUy  called  to  the  detailed  description  of  the  loco- 
motive and  the  air  brake,  together  with  the  numerous  engrav- 
ings illustrating  the  same,  to  be  found  in  the  book  on  Railway 
Equipment.  The  information  in  question  will  prove  of  value 
to  all  students  of  the  subject  treated  on. 
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OTHER  MATTERS  RELATING 

TO  THE  DUTIES  AND  RESPONSIBILITIES 

OF  ENGINEERS. 

The  foregoing  examinations,  with  what  follows, 
prepared  with  a  view  to  ascertaining  the  fitness 
of  firemen  to  become  engineers,  treat  of  things 
that  it  is  desirable  engineers  should  know — should 
have  at  their  fingers'  ends  —  in  order  to  fill  their 
places  to  the  best  advantage.  If  the}^  are  not 
familiar  with  them  thej'  should  lose  no  time  in 
becoming  so.     Thej^  are  primary  in  their  nature.* 

The  vast  resources  at  the  engineer's  disposal, 
the  result  of  experience,  while  much  of  it  may  be 
particularized  in  print,  much  of  it  cannot  be. 
The  beginner  does  not  possess  this  fund  of  infor- 
mation  and  it  is  not  expected  of  him.     He  is, 

♦While  we  must  believe  that  it  is  desirable  that  the  engi- 
neer should  not  only  understand  his  own  duties  perfectly,  but 
those  of  the  fireman  as  "well,  it  is  nevertheless  true  that  this 
universality  of  knowledge  is  not  possessed  by  all  engineers. 
This  renders  manuals  all  the  more  necessary.  One  reason  why 
engineers  do  not  possess  the  knowledge  in  question  is  that 
methods  change  after  they  cease  to  be  firemen;  thus  we  will  say, 
the  kind  of  fuel  may  have  changed,  from  wood  to  coal.  What- 
ever the  occasion  of  the  lack  of  knowledge,  the  lack  exists  and 
is  recognized  by  railroad  companies  and  excused  because 
unavoidable,  but  in  so  far  as  engineers  are  deficient  in  the 
knowledge  of  the  duties  of  firemen,  manuals  that  throw  light 
on  the  duties  of  the  fireman  are  not  only  of  value  to  the  latter 
latter  but  to  the  engineer  as  well. 

(133) 
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however,  expected  to  attain  it  as  quickly  as  pos- 
sible. If  he  is  ambitious  and  adaptable  he  will 
soon  acquire  it.  The  time  required  will  be 
dependent  upon  the  thought  that  he  gives  the 
subject  and  his  ability  to  learn.  Nothing  con- 
nected with  his  business  will  be  too  small  to 
escape  his  observation;  nothing  too  trifling  if  it 
affords  him  information;  he  will  avail  himself  of 
the  literature,  however  scant,  that  dwells  upon 
his  duties  or  that  has  any  relation  to  the  train 
service;  he  will  observe  and  study  the  actions  of 
those  about  him;  question  with  untiring  zeal,  all 
from  whom  he  can  gain  light.  He  will  not  be 
satisfied  with  the  fact  that  he  has  been  found 
worthy  to  have  charge  of  an  engine;  he  will  not 
stop  until  he  understands  the  anatomy  of  his 
machine  and  its  working  as  the  surgeon  does  that 
of  his  patient. 

After  his  examinations  he  will  go  on  with  even 
greater  zeal  than  before,  because  his  ambition 
will  by  this  time  have  led  him  to  aspire  to  even 
higher  things.  For  these  and  other  reasons  I 
have  thought  it  well  to  supplement  what  I  have 
said  with  other  things  that  relate  to  the  respon- 
sibilities of  engineers,  and  that  must  be  known 
to  firemen  in  order  to  enable  them  to  run  an 
engine.  What  I  add  is  not  new  nor  especially 
ingenious.  It  is,  however,  useful  to  engineers 
and  a  help  to  others.  I  cannot  claim  to  be  more 
than  the  compiler  and  editor,  for  others  before 
me  have  given  it  expression  in  one  form  or 
another.    It  is  of  the  common  sense  kind,  and 


OF  THE  LOCOMOTIVE  ENGINEER.  135 

partakes,  like  all  corporate  regulations,  of  a  prac- 
tical nature.  I  shall  tr}^  to  avoid  as  much  as  pos- 
sible repeating  anything  concerning  the  duties 
and  responsibilities  of  engineers  alread}^  given.''' 

With  this  explanation,  I  proceed  to  enumerate 
such  things  as  occur  to  me  at  this  time  as  form- 
ing a  part  of  the  subject. 

To  begin,  then,  it  may  be  said  of  engineers,  that 
amiability,  quickness  of  perception,  skill  and 
promptness  of  action  mark  those  of  the  highest 
attainments.  The  fireman  who  hopes  to  become 
a  ^ood  engineer  must  possess  similar  character- 
istics. 

It  is  also  a  characteristic  of  such  engineers  that 
they  are  stirred  by  an  ambition  to  excel  in  every 
way. 

While  the  fireman  is  the  subordinate  of  the 
engineer,  the  latter  should  seek  to  further  his 
advancement  by  teaching  him  everything  con- 
nected with  the  construction,  maintenance  and 
operation  of  the  locomotive  that  his  time  and 
capacity  for  learning  permits  of. 

The  fireman  on  his  part  should  show  his  appre- 
ciation of  the  kindness  and  interest  of  the  engi- 
neer by  his  industry,  amiability  and  willingness 
to  obey  orders. 

The  engineer  and  fireman  must  work  together, 
each  recognizing  his  dependence  upon  tlie  other, 
if  the  best  results  are  to  be  attained. 

*I  shaU,  ho^vever,  be  oiil}^  partiaU.v  successful  in  this,  but 
while  there  will  be  more  or  less  going  over  ground  already 
traversed,  it  will  be  in  connection  with  new  ideas  and  a  fuller 
development  of  old  ones. 
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In  reference  to  details,  it  is  becoming  more 
and  more  the  practice  for  the  engineer  to  have 
charge  of  both  injectors.  This  notwithstanding 
the  efficiency  of  the  fireman  in  this  direction.  If, 
however,  the  fireman  miscalculates  in  regard  to 
the  requirements  of  the  engine,  and,  in  conse- 
quence, finds  his  fire  too  low,  and  the  steam  press- 
ure dropping  undulj^  because  of  it,  he  must  call 
the  engineer's  attention  to  the  fact,  that  the  in- 
jector may  be  shut  off  and  the  supply  of  water 
reduced  so  that  the  pressure  may  be  the  more 
quickly  regained. 

It  is  a  truism  that  economical  firing  is  impos- 
sible where  the  engine  and  injector  are  started 
simultaneously,  or  both  shut  off  at  the  same  time 
on  approaching  stations. 

A  fact  to  be  remembered  is  that  the  cause  of 
leaky  boilers  is  not  necessarily  the  result  of  over- 
working the  engines,  but  too  often  due  to  poor 
management  of  the  fire  and  injectors,  combined 
with  injudicious  use  of  the  throttle.* 

It  has  been  estimated  that  when  steam  escapes 
at  the  safety  valves,  the  loss  amounts  to  about 
one-fourth  of  a  pound  of  coal  each  second,  or  a 
shovelful  of  coal  per  minute,  or,  as  an  authority 
ingeniously  puts  it,  "It  is  the  same,  or  worse, 
than  an  engineer  allowing  the  fireman  to  throw 


*  In  relation  to  the  promotion  of  a  fireman  to  tlie  position  of 
engineer,  it  is  claimed  by  many  experts  that  a  fireman  who  has 
been  out  of  freight  service  for  several  years  should  not  be  pro- 
moted to  the  position  of  engineer  without  again  firing  a  freight 
engine  for  three  or  four  months. 
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a  shovelful  of  coal  off  the  engine  each  minute 
without  taking  steps  to  stop  the  waste."  Seveie 
critics  claim  the}^  have  seen  engineers  sit  calmly 
by  on  such  occasions  and  hear  the  escape  of 
steam  from  the  safety  valves  with  indifference. 

In  reference  to  the  art  of  firing,  there  are  two 
systems  of  supplying  coal  to  the  engine.  One  is 
the  banking  system,  used  principally  with  certain 
grades  of  coal  having  few  or  no  clinkers;  the 
other  is  the  spreading  system,  which  is  followed 
where  anthracite  coal  and  some  grades  of  bitu- 
minous coal,  having  more  or  less  clinkers,  are 
used.  Where  the  banking  system  is  followed,  a 
large  quantity  of  coal  is  placed  in  the  rear  of  the 
fire-box  until  the  gases  and  hydro-carbons  have 
been  expelled  and  it  becomes  a  coke.  Then  it  is 
pushed  forward  onto  the  incandescent  coals  by  a 
slash  bar  or  rake  and  a  fresh  supply  of  coal  placed 
near  the  door.  This  method  is  little  used  and 
does  not  require  much  skill.  Where  the  spread- 
ing system  is  used  the  coal  is  broken  into  pieces 
not  larger  than  an  apple.  While  many  compa- 
nies require  that  the  coal  shall  be  thus  broken 
before  being  placed  on  the  tender,  it  is,  perhaps, 
more  generally  the  custom  to  have  it  broken  by 
the  fireman.  However  this  may  be,  he  is  ex- 
pected to  see  that  it  is  so  prepared  before  being 
placed  in  the  fire-box. 

Coal  broken  into  pieces  of  the  proper  size 
offers  greater  surface  area  to  the  heat  and  per- 
mits of  being  scattered  more  uniformly  over  the 
tire 
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Except  ill  very  cold  weather  coal  should  be 
wet  to  prevent  dust  and  dirt.  This  gives  in- 
creased weight  to  the  fine  particles  which  other- 
wise would  be  drawn  directly  into  the  flues, 
causing  not  only  a  waste  of  fuel,  but  stoppage  of 
the  flues. 

At  starting,  the  fire  should  be  sufficient  to 
carry  the  train  out  of  the  yard,  so  as  to  permit 
the  fireman  to  give  his  attention  wholly  to  the 
signals  and  switches. 

If  the  locomotive  is  supplied  with  a  smoke 
burner,  it  should  be  carefully  looked  after,  and  if 
there  are  any  flues  in  the  sides  or  rear  of  the 
fire-box  for  admitting  air  above  the  fire,  they 
should  be  kept  open,  as  it  will  tend  to  more 
perfect  combustion  and  help  to  abate  the  smoke 
nuisance. 

When  the  train  is  under  way  and  normal 
pressure  of  steam  has  been  attained,  two  or 
three  shovelfuls  of  coal  should  be  placed  in  the 
fire-box  at  a  time,  but  in  doing  this  the  fire-box 
door  should  be  kept  open  only  so  long  as  may 
be  absolutely  necessary.  The  coal  having  been 
broken  in  advance,  the  shovel  should  be  filled 
and  drawn  forward  within  reach  ready  for  the 
coal  to  be  placed  on  the  fire;  this  before  the  fire- 
box door  is  opened. 

In  firing,  coal  should  be  placed  along  the  sides 
of  the  box  and  in  the  corners  thereof,  so  as  to 
exclude  the  cold  air,  which  has  a  tendency  to 
lower  the  temperature  and  chill  the  flues  anJ 
fire-box. 
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Care  should  be  taken  not  to  throw  the  coal  so 
that  it  will  strike  the  flues  or  fall  on  top  of  the 
arch,  if  the  engine  has  one. 

A  fire  requires  to  be  frequently  replenished 
with  small  quantities  of  fuel  in  order  to  keep  it 
bright.  Heat  is  greatest  Avhen  there  is  a  rapid 
state  of  combustion.  If  there  are  clouds  of 
smoke  in  the  fire-box,  heat  will  not  readily  pene- 
trate them,  and  so  poor  results  will  be  attained. 

In  case  it  is  found  necessary  to  maintain  a 
very  heavy  fire  in  order  to  generate  sufficient 
steam,  it  indicates  that  there  is  something  wrong 
with  the  front  end  of  the  engine;  either  the  noz- 
zle is  too  small  or  may  have  become  choked,  or 
the  draft  appliances  are  not  properly  adjusted. 

The  temperature  required  to  ignite  carbon  (of 
which  coal  is  chiefly  composed)  is  about  eighteen 
hundred  degrees.  If,  therefore,  a  large  amount 
of  coal  is  placed  on  the  fire  at  one  time,  the  tem- 
perature is  reduced  until  the  coal  supplied  can 
be  brought  up  to  the  required  temperature.  The 
result  is,  first,  contraction  of  the  metal  surround- 
ing the  fire-box,  followed  by  expansion,  thus  sub- 
jecting the  boiler  to  a  great  and  unnecessary 
strain. 

The  importance  of  making  proper  use  of  the 
dampers  is  not  always  appreciated.  With  single 
part  ash-pans,  one  damper,  and  that  ordinaril}^ 
the  rear  one,  will  be  found  most  economical. 
By  opening  both  dampers  when  the  engine  is 
working  lightly  with  a  thin  fire,  too  much  air 
will  be  admitted,  and  as  air  drawn  through  a  fire 


140  DUTIES  AND  RESPONSIBILITIES 

in  excess  of  the  amount  required  for  combustion 
tends  to  cool  the  gases  below  the  point  of  igni- 
tion, waste  of  fuel  results.  Closiug  the  dampers 
prevents  the  admission  of  air  through  the  fire. 
This  stops  combustion  and  leaves  the  fire-box  and 
flue  sheets  to  gradually  cool  off.  Opening  wide 
the  fire-box  door  will  onl}^  partially  prevent  the 
draft  through  the  fire,  while  it  admits  cold  air 
directly  onto  the  flues  and  sheets  surrounding 
tlie  fire-box,  thereby  cooling  them  so  suddenly  as 
to  cause  Teaks. 

In  firing,  the  requirements  of  the  service 
should  be  anticipated.  A  heavy  fire  should  not 
be  maintained  when  steam  is  to  be  shut  off 
wholly  or  partially.  A  hard  pull,  on  the  other 
hand,  should  be  anticipated. 

In  starting,  the  coal  should  be  well  ignited  so 
that  there  will  be  no  occasion  for  opening  the 
fire-box  door  until  the  train  has  gained  con- 
siderable headway  and  the  lever  has  been 
hooked  up,  with  consequent  lighter  pull  from 
the  exhaust. 

On  approaching  a  stopping  point,  the  dampers 
should  be  shut  down,  and  if  bituminous  coal  is 
used,  but  little,  if  any,  fresh  fuel  supplied  to  the 
fire.  If,  however,  fresh  coal  has  been  applied 
through  misjudgment  or  otherwise,  the  blower 
should  be  opened  and  the  fire-box  door  left 
slightly  ajar  to  prevent  smoke  and  injurious 
gases  escaping. 

Choking  volumes  of  coal  smoke  and  gases 
often  find  their  way  into  passenger  cars,  causing 
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great  discomfort,  when  careless  or  unskillful 
firing  is  exercised. 

It  should  be  borne  in  mind,  in  approaching  a 
stopping  place,  that  a  saving  of  fuel  will  result 
from  letting  the  steam  drop  back  a  few  pounds, 
rather  than  to  allow  it  to  escape  through  the 
safety  valves.  When  it  is  found  necessary  to 
reduce  the  steam  pressure,  the  dampers  should 
be  closed,  rather  than  the  fire-box  door  opened. 
The  injector  may  also  be  started  if  the  boiler  is 
not  already  too  full;  if  it  is,  the  steam  may,  in 
many  cases,  be  utilized  by  turning  it  into  the 
tank  to  warm  the  water  therein.''* 

The  ash-pan  (139)  and  the  front  end  (14)  should 
be  cleaned  whenever  opportunity  presents  itself. 
A  set  rule  cannot  be  laid  down  asto  the  frequency 
with  which  these  duties  should  be  performed. 
No  great  amount  of  labor  will  be  required  in 
cleaning  the  front  end  of  cinders  if  the  draft  ap- 
pliances are  good  and  there  are  no  steam  leaks. 

In  regard  to  the  ash-pan,  it  w411  fill  up  more  or 
less  quickly  according  to  the  grade  of  coal  and 
the  amount  used.  With  a  poor  grade  of  coal,  it 
may  become  necessary  to  clean  the  ash-pan  on 
the  road.  The  better  steaming  of  the  engine 
will  more  than  compensate  for  time  thus  lost, 
and  it  may  result  that  failure  to  perform  this 
duty  will  necessitate  the  consumption  of  two  or 
three  additional  tons  of  coal  on  a  trip. 

When  sufficient  air  is  not  admitted  throuuh 
the  body  of  the  fire,  there  is  a  loss  through  the 
smoke-stack  of  about  two-thirds,  or  more,  of  the 

^Practical  experiment  has  demonstrated  that  every  11  degrees 
(Fahr. )  increase  in  the  temperature  of  the  feed  water  produce? 
about  one  per  cent,  economy  in  the  locomotive  boiler. 
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heating  properties  of  coal.  This  shows  the  im- 
portance of  keeping  as  thin  a  fire  as  is  consistent 
with  the  working  of  the  engine. 

While  it  is  possible  for  a  man  to  become  an 
adept  without  having  studied  the  laws  of  com- 
bustion, it  is  nevertheless  true  that  if  he  be  thus 
skilled,  he  is  obeying  those  laws.  To  such  a  one 
the  stud}^  of  combustion  may  be  more  interest- 
ing than  beneficial,  but  to  others  study  w^ll  open 
up  an  avenue  to  the  knowledge  they  should  pos- 
sess if  they  would  serve  their  employer  accept- 
ably. Men  ignorant  of  the  laws  of  combustion, 
who  stumble  into  the  right  path,  would  attain  it 
much  easier  and  more  quickly  by  study.  All, 
therefore,  should  study  the  subject,  and  this 
both  practically  and  scientifically. 

Extended  observation  leads  to  the  knowledge 
that  lack  of  steam-making  power  in  the  engine 
is  too  often  the  result  of  over-firing.  Especially 
is  this  true  in  the  case  of  new  firemen,  or  where 
the  engine  has  a  reputation  of  making  steam 
poorly. 

As  already  pointed  out,  perfect  firing  means 
the  admission  of  fuel  and  air  in  exactly  proper 
proportions,  but  as  no  fixed  rule  can  be  accu- 
rately followed,  the  fireman  may  hope  to  ap- 
proximate it  by  watching  closely  the  results  of 
different  methods  of  firing,  remembering  that, 
in  many  cases,  by  saving  the  shovelfuls  of  coal, 
the  ton  is  saved.* 

*  While  the  foregoing  instructions  in  regard  to  firing  apply- 
in  the  main  to   all  classes  of  fuel,  yet  it  is  true  they  refer  par- 
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Among  maii}^  other  things  appertaining  to  en- 
gineers, the  study  of  friction  and  the  knowledge 
of  what  is  dependent  thereon  is  essential.  Eco- 
nomical and  effective  use  of  oil  cannot  be  attained 
without  it. 

Aside  from  information  relative  to  more  prac- 
tical things,  the  engineer  and  fireman  must  know 
what  clothing  to  wear,  and  the  food  best  suited 
to  their  requirements. 

They  must  study  particularly  the  best  methods 
of  doing  repair  work:  packing  glands,  cellars  and 
boxes;  removing  brasses;  keying  rods;  setting 
wedges,  and  work  of  a  like  nature  about  the  en- 
gine and  tender. 

No  one  is  qualified,  it  may  be  said,  to  operate 
an  engine,  who  does  not  know  in  advance  what 
to  do  in  every  emergency  of  train  service.  He 
must  be  able  to  act  quickly  and  in  the  light  of 
the  ])est  practices.  In  the  cases  of  delays  and 
mishaps,  there  is  no  time  to  study  up  questions 
or  situations.  The  man  in  charge  must  be  able 
to  act  instantly.  There  are,  in  the  generality  of 
cases,  preferred  methods  of  procedure  in  the  ease 
of  break-downs  and  other  mishaps.  With  these 
the  engineer  should    be   familiar.      He    is    also 

ticularly,  in  several  instances,  to  bituminous  coal.  Where 
anthracite  coal  or  wood  is  used  therefor,  modifications  will  be 
required  according  to  the  nature  of  the  fuel  and  the  class  of 
fire-box  and  engine.  However,  the  general  rule  requiring  that 
the  fuel  shall  be  so  used  as  to  burn  most  freely  and  create  the 
maximum  intensity  of  heat  with  the  least  fuel  possible,  applies 
in  every  case.  This  is  also  true  in  regard  to  keeping  the 
grates  free  of  clinkers  and  ashes. 
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expected  to  be  able  to  niake  such  repairs  on  the 
road  as  are  possible  under  the  circumstances;  to 
be  able  to  temporaril}^  adjust  eccentrics  or  the 
front-end  appliances,  set  wedges,  and  disconnect 
the  engine;  to  be  skillful  in  the  treatment  of  hot 
journals  or  bearings,  and  have  an  ear  so  trained 
as  to  be  able  to  detect  and  locate  a  blow  or  a 
pound  that  may  cause  a  break-down. 

The  faculty  of  observation  is  to  be  cultivated 
by  engineers  and  firemen.  Some  men,  without 
appareut  effort,  are  ever  conscious  of  what  is 
going  on  about  them,  while  others  see  nothing. 
It  is  necessary  that  the  defect  of  the  latter  should 
be  corrected  if  they  would  become  valuable  in 
their  places.  Everyone  ambitious  of  preferment 
should  seek  information  from  the  better  informed 
men  about  them,  and  should  not  be  rebuffed  or 
discouraged  if  replies  to  their  questions  are  not 
always  courteous  or  direct.  Practice  and  reading 
wdll  do  the  rest. 

In  the  operation  of  railroads,  men  engaged  for 
years  on  a  particular  class  of  engine,  have  been 
known  to  remain  in  ignorance  of  other  classes 
about  them.  This  may  be  remedied  by  study 
and  observation.  Certainly  any  engineer  thus 
handicapped  labors  under  great  possible  disad- 
vantages. 

As  it  is  becoming  the  custom  of  many  well 
managed  roads  to  keep  a  record  of  the  fuel  and 
other  supplies  used  by  each  engineer  and  fireman, 
questions  of  economy  on  such  roads,  it  will  be  seen, 
have  a  personal  application  not  known  elsewhere. 
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It  is  a  duty  required  of  engiueers,  iu  mauy 
cases,  that  they  shall  reach  the  engine-house 
while  their  engine  is  over  the  pit,  that  they  may 
thus  be  enabled  to  examine  it  from  underneath, 
to  better  advantage.  They  are  also  expected  to 
inspect  the  packing  of  truck  cellars,  see  that  the 
bolts  and  nuts  are  tight,  look  after  the  eccentrics 
and  see  that  the  oil  holes  are  clear  and  oil  cups 
filled.  As  the  engineer  is  responsible  for  the 
fulfillment  of  the  fireman's  duties,  he  is  also 
required  to  see  that  they  are  not  neglected. 

When  the  engineer  does  not  know  in  advance 
the  engine  he  is  to  run  (that  is,  when  the  en- 
gines are  pooled  or  worked  in  common),  he  must, 
upon  taking  charge,  exercise  greater  care  than 
he  would  otherwise,  to  see  that  it  is  provided 
with  necessary  tools,  blocking  and  other  appli- 
ances. He  should  also  examine  the  work-book 
in  such  cases,  to  see  what  repairs  were  last 
reported  as  being  necessary  and  what  has  actually 
been  done.  Parts  that  have  been  repaired  always 
require  more  attention  than  others,  because  of 
the  friction  that  intervenes  in  such  cases.  The 
inspection  of  the  engine  and  tender  by  the  en- 
gineer, it  is  apparent,  is  the  first  thing  to  be  done 
on  taking  charge.  The  work  should  be  system- 
atic and  thorough.  In  those  instances  where  the 
roundhouse  force  looks  after  the  packing  of  the 
driving  boxes,  tank  boxes,  truck  cellars,  and  so 
on,  the  engineer  must  still  see  that  the  work  has 
been  done  properly.  Many  engineers  insist  on 
doing  it  themselves,  as  they  feel  greater  confi- 
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dence  that  they  will  get  over  the  road  promptly 
and  without  mishap  than  they  wou-ld  if  the  work 
was  performed  by  an  employe  of  the  roundhouse. 
Among  the  further  duties  of  the  engineer  these 
may  be  briefly  summarized:  To  see  that  the 
water  supply  in  the  boiler  is  ample  —  this  he 
does  by  trying  the  gauge  cocks  and  noting  the 
indicatioQ  in  the  water  glass;  to  try  the  gauge 
cocks  frequently  when  on  the  road,  using  the 
water  glass  as  an  auxiliary  or  indicator  merely; 
to  look  from  time  to  time  into  the  fire-box  for 
leaks,  and  if  the  engine  has  an  arch,  to  see  that 
it  is  in  place;  to  inspect  the  air  pump  and  its 
lubricator,  the  guides,  guide  bolts,  crosshead  and 
piston  rod  packing,  bearings,  rods  and  rod  bolts, 
keys  and  set  screws,  wedges  and  wedge  bolts;  to 
see  in  filling  oil  cups  that  the  amount  of  oil 
required  indicates  that  there  is  no  stoppage  of 
the  feed  or  oil  hole;  to  examine  the  wheels  and 
flanges  for  breaks,  chips  or  cracks,  and  the  driv- 
ing wheel  centers  and  tires  to  see  that  they  are 
not  working  loose;  to  see  that  the  sand  pipes  are 
open,  that  the  headlight  is  filled  and  trimmed 
and  the  reflector  cleaned,  that  the  cinder  hopper 
is  tight  and  that  no  leaks  appear  in  the  front  end; 
to  blow  out  the  steam  heating  pipes  in  winter  lest 
they  be  clogged  with  ice;  to  ring  the  bell  a  suflS- 
cient  length  of  time  before  starting  to  enable 
any  one  who  may  be  working  under  or  about  the 
machine  to   escape;*  to   see  before  leaving  the 

^Numerous  accidents  to  life  and  limb  have  resulted  from  a 
neglect  to  observe  this  precaution. 
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engine  house  that  the  cylinder  cock  is  opened;  to 
start  the  engine  slowly  and  under  no  circum- 
stances to  slip  the  engine  for  the  purpose  of 
throwing  the  water  out  of  the  cylinders;  in  back- 
ing the  engine  to  the  train,  to  see  that  the  lubri- 
cator is  started  and  all  parts  of  the  engine  work- 
ing in  good  order;  to  lubricate  all  parts  of  the 
engine  before  starting  a  train;  to  place  the 
reverse  lever  in  starting  in  the  "  corner "  and 
open  the  throttle  slowly  and  carefully  so  as  to 
avoid  jerking  the  train  or  slipping  the  wheels;  to 
be  particular  if  the  rails  are  slippery  or  the  load 
requires  it;  to  sand  the  track  before  the  wheels 
begin  to  slip;  to  be  careful  not  to  "catch"  the 
engine  when  slipping  on  sand,  as  it  is  a  severe 
strain  to  the  machinery,  and  pins  and  rods  fre- 
quently break  under  such  circumstances;  to  use 
in  sanding  the  rail  only  so  much  sand  as  is  neces- 
sary to  keep  the  wheels  from  slipping,  as  a  train 
pulls  harder  on  a  sanded  rail;  to  see  when  head- 
way is  attained  that  the  reverse  lever  is  pulled 
back  to  prevent  unnecessary  waste  of  steam  and 
undue  disturbance  of  the  fire  by  too  strong  a 
draft;  in  starting  (and  also  at  other  times)  to  look 
back  and  exchange  such  signals  with  the  rear  end 
ot  the  train  as  may  be  necessary  to  be  assured 
that  the  train  is  intact  and  in  proper  working 
order;  to  use  full  opening  of  the  throttle  except 
where  a  simple  engine  can  do  the  work  required 
with  less  than  one-fourth  cut-off,  in  which 
latter  event  it  is  economical  to  leave  the  cut-off 
at  one-fourth    and  regulate   the   steam   by  the 
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throttle;'''  to  see  that  water  is  supplied  the  boilers 
in  as  nearh^  a  continuous  flow  as  possible,  to  see 
that  the  water  is,  so  far  as  practicable,  kept  at  a 
nniform  height,  not  losing  sight  of  the  fact  that 
water  in  the  boiler  at  a  high  temperature  (or 
indeed  warm  water  in  the  tank)  represents  so 
much  heat  energy  available  when  the  normal 
capacity  of  the  boiler  is  inadequate  to  supply  the 
demand;!  to  remember  that  the  time  to  favor  an 
engine  by  reducing  or  entirely  stopping  the  sup- 
ply of  water  to  the  boiler  is  when  moving  rapidly 
towards  an  ascent  or  heavy  grade ;J  to  see,  when 
approaching  dangerous  places,  drawbridges,  rail- 
road crossings,  interlocking  switches,  yards,  etc., 
that  the  train  is  under  such  control  that  a  stop 
may  be  made,  if  necessary,  before  reaching  the 


*To  illustrate:  It  would  not  be  economical  to  use  one-half  to 
two-thirds  cut-off  and  throttle  the  steam  pressure  when  the 
work  could  be  done  with  one-fourth  or  one-third  cut-off  with  a 
full  throttle  opening,  while  one-eighth  cut-off  with  full  throttle 
is  less  economical  than  one-fourth  throttled,  due  to  increased 
cylinder  condensation,  where  the  temperature  of  the  cylinder 
has  too  wide  a  range. 

f The  capacity  of  water  for  storing  heat  is  great,  and  this 
fact  should  be  taken  advantage  of.  When  it  is  not,  engines 
will  too  often  be  found  standing;  at  stations  or  descending 
gTades  with  light  throttle,  and  with  steam  blowing  off :  or  blow- 
ing off  when  the  water  in  the  tank  is  cold,  or  there  is  but  half  a 
glass  of  water  in  the  boiler.  At  such  times  the  injector  should 
be  at  work  or  the  siirplus  heat  should  be  used  to  warm  the 
water  in  the  tank. 

XMtev  speed  has  been  reduced  (even  though  the  reverse 
lever  has  been  dropped  down) ,  the  engine  is  using  a  less  amount 
of  steam  and  the  injector  may  then  be  started. 
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clanger  point;*  to  see,  in  stopping,  that  steam  is 
shut  oft*  a  sufficient  distance  to  permit  slowing 
clown  easily;  to  see  that  the  link  is  hooked  down 
to  give  the  valves  more  travel  and  keep  the  valve 
seats  in  better  condition. f 

It  is  the  duty  of  the  engineer  to  see  that  the 
air  brake  is  used  with  care,  bearing  in  mind  that 
it  recjuires  the  nicest  judgment  and  skill  at  all 
times  to  prevent  mishap  or  jarring  of  the  train. 
In  the  event  the  water  in  the  boiler  gets  low 
(through  failure  of  the  pumps,  or  otherwise)  the 
fire  must  be  banked  or  drawn.:}:  It  may  be  neces- 
sary in  some  instances  to  detach  an  engine  and 
proceed  to  the  nearest  station  for  water  when 
the  supply  is  exhausted.  It  can,  however,  some- 
times be  dipped  from  pools  or  streams  along  the 
track,  or,  in  winter,  snow  may  be  shoveled  into 
the  tank  and  melted.  Everything  should  be  done 
in  such  cases  that  is  consistent  Avith  safetv  to 


♦The  speed  limit  in  such  cases  is  usually  placed  at  six  miles 
an  liour,  or  as  fast  as  a  man  can  walk  a  short  distance. 

f  This  will  also  prevent  the  raising  of  the  valves  by  com. 
pression  from  the  cylinders,  and  where  there  are  no  relief 
valves  on  the  steam  chest,  it  will  partially  i^revent  the  draw- 
ing of  the  smoke  and  hot  gases  from  the  front  end  into  the  cyl- 
inder. With  some  engines,  having  very  long  eccentric  blades, 
it  is  unsafe  to  hook  the  links  down  to  the  lowest  point  wliile 
running  fast,  as  in  such  cases  a  broken  eccentric  strap  might 
follow. 

X  "  Banking"  a  lire  usually  means  covering  it  with  fine  coal, 
well  wet  down,  but  sometimes  it  is  advisable  to  cover  with 
ashes  or  sand,  which  will  practically  extinguish  it.  "Drawing" 
or  "  dumping  "  the  fire  means  knocking  it  through  the  grates 
and  extinguishing  it  entirely. 
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keep  the  engine  alive,  but  it  is  considered  highly 
discreditable  to  ''  burn"  an  engine. 

If  the  engine  is  priming  or  foaming,  the  cause 
thereof  must  be  ascertained  and  the  necessary 
remedies  applied.'^ 

In  the  care  of  the  locomotive  it  must  be  re- 
membered, among  other  things,  that  water  pro- 
jected from  the  smoke  stack  injures  the  paint  on 
both  the  engine  and  cars.  It  looks  bad  moreover. 
In  summer,  after  filling  the  tank  W\i\\  cold  water, 
the  heater  should  be  applied  long  enough  to  pre- 
vent the  tank  sweating.  Failure  to  observe  this 
simple  precaution  may  greatly  injure  the  paint 
on  the  tank. 

An  important  duty  of  the  engineer  is  to  see 
that  the  safety  valves  are  regulated  according  to 
the  steam  pressure  allowed  the  engine.  Many 
companies  undertake  to  make  periodical  tests  of 
safety  valves,  gauges  and  air  governors  independ- 
ently of  the  engineer.  It  should  be  a  duty  of 
the  latter,  however,  to  order  a  special  test  made 

*  Priming  is  generally  caused  by  keeping  the  boiler  too  full 
of  water.  This  can,  as  a  rule,  be  prevented.  Foaming  is  due  to 
foreign  matter  in  the  boiler  and  may  be  relieved  by  a  surface 
cock,  or  a  bloAv-off  cock,  ^vith  which  most  engines  are  siipplied. 
If  the  water  used  is  of  poor  quality,  the  tank  may  be  cleansed 
by  flushing  at  the  water  station.  In  cases  of  priming  or  foam- 
ing, the  true  water  level  can  only  be  determined  by  shutting  off 
the  engine  and  letting  the  water  supply  in  the  boiler  settle. 
This  should  be  done  frequently  under  such  circumstances. 
From  an  economical  standpoint,  the  effect  of  working  water 
into  the  cylinders  (aside  from  the  liability  of  knocking  out  a 
cylinder  head  and  cutting  the  valves)  may  be  appreciated  by 
remembering  that  a  cubic  inch  of  water  (which  is  not  expan- 
sive) will  make  one  cubic  foot  of  steam,  which  is  expansive. 
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whenever  he  may  have  reason  to  believe  there  is 
anything  defective  therewith. 

At  water  and  coaling  stations,  the  engineer 
should  utilize  the  time  to  inspect  the  bearings 
and  running  gear  of  the  engine  and  tender  and 
supply  needed  lubrication. 

It  is  a  duty  of  engineers  to  carefully  inspect 
their  engines  at  terminals,  and  notify  the  official 
at  the  engine-house  what  work  is  required  to  fit 
them  for  economical  and  effective  use.  Hot  bear- 
ings should  also  be  reported  so  that  they  may  be 
examined  at  the  shop,  and  in  the  event  another 
person  is  put  in  charge  of  the  engine,  that  he  may 
be  notified  of  the  same. 

Returns  giving  an  account  of  delays,  overtime, 
accidents,  and  for  other  purposes,  should  be  made 
and  transmitted  to  the  proper  officer  as  soon  after 
arrival  at  the  terminal  station  as  possible. 

In  order  that  there  may  be  no  unnecessary  loss 
of  time  in  communicating  with  engineers  and  fire- 
men when  off  duty,  their  addresses  should  be  left 
with  the  foremen  of  engine-houses,  or  other  desig- 
nated officials. 

In  closing  these  instructions,  it  will  be  proper 
to  again  call  attention  to  the  necessity  of  wise  and 
economical  use  of  tools  and  supplies.  Engineers 
and  firemen  cannot  hope  to  make  satisfactory 
records  otherwise.  Questions  aft'ecting  the  use  of 
tools  and  supplies  grow  more  and  more  important 
every  year  because  measures  for  ascertaining  the 
care  exercised  are  becoming  more  and  more  effect- 
ive each  year.    The  subject  is  therefore,  it  Avill  be 
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seen,  one  of  supreme  importance  to  the  employe 
as  well  as  to  the  employer. 


The  foregoing  account  of  the  duties  and  respon- 
sibilities of  engineers  and  firemen,  while  complete 
so  far  as  it  goes,  is,  as  I  have  already  explained, 
necessarily  limited.  At  least  two  of  my  books 
treat  almost  wholly  of  matters  with  which  the 
engineer  must  be  more  or  less  familiar  in  order 
to  perform  his  work  intelligently.  It  has  been 
my  particular  endeavor  here  to  group  certain 
specific  things  that  master  mechanics  and  super- 
intendents of  motive  power  consider  especially 
important  to  the  safe  and  economical  working 
of  engines.  The  account,  however,  as  already 
intimated,  is  incomplete,  because  the  duties  of 
engineers  and  firemen  cannot  in  many  things 
be  treated  apart  from  those  of  other  train  and 
station  men.  It  was  this  universality  of  duty 
and  interest  running  through  the  whole  railroad 
world,  that  led  me  to  take  up  the  subject  in  its 
entirety  in  the  ''Science  of  Railways'^  as  I  have 
already  explained. 

What  I  have  written  in  regard  to  engine  men, 
while  applying  particularly  to  American  rail- 
roads, refers  in  the  main,  it  is  apparent,  to  the 
railroads  of  the  whole  world,  for  the  reason  that 
construction,  maintenance  and  operation  are  sub- 
stantially the  same  everywhere. 
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ENGINEERS     AND    FIREMEN  S    MANUAL,    CONTINUED- 
COMPOUND    LOCOMOTIVES INTRODUCTORY. 


Note — In  regard  to  the  merits  of  the  compound  cylinder  as 
compared  with  the  single-expansion,  I  do  not  desire  nor  profess 
to  express  any  opinion.  I  merely  wish  to  describe  the  compound 
cylinder  in  what  follows,  and,  if  in  some  places  preference  seems 
to  be  expressed,  it  is  the  claim  of  builders  and  not  mine.  Those 
who  use  locomotives  must  themselves  be  the  judges  of  the  re- 
spective merits  of  single-expansion  and  compound  cylinders  and 
of  the  particular  pattern  they  want. 

January,  1899.  M.  M.  K. 

In  view  of  the  fact  that  the  Compound  Loco- 
motive is  of  comparatively  recent  introduction  as 
compared  with  the  single-expansion  cylinder,  its 
construction  and  Avorking  are  less  understood  by 
those  connected  with  the  equipment  department 
of  railroads.  These  particulars  I  have,  for  that 
reason,  thought  it  best  to  embody  here  in  con- 
nection with  the  "Engineers'  and  Firemen's 
Manual."  More  and  more  attention  is  being 
given  to  the  expansive  use  of  steam  in  connection 
with  the  locomotive.  It  is  claimed  not  to  be  un- 
reasonable in  view  of  the  triple  and  the  quadruple 
expansion  of  steam  (expansion  in  three  and  four 
cylinders)  in  the  most  approved  stationary  and 
marine  engines  that  it  should  be  possible  to  de- 
vise practical  means  of  obtaining  double  expan- 
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sion,  at  least,  in  a  locomotive.  Because  of  the 
more  or  less  general  introduction  of  compound 
cylinders,  some  account  of  the  working  of  the  com- 
pound locomotive  is  becoming  every  day  more 
and  more  necessary  to  those  connected  with  the 
machinery  and  equipment  of  railroads.  Indeed, 
practical  familiarity  with  the  working  of  com- 
pound engines  may  be  said  to  have  become,  in  a 
measure,  a  necessary  part  of  the  knowledge  of 
every  engineer  and  fireman,  for  the  reason  that 
their  duties  may  at  any  time,  through  promotion 
or  otherwise,  take  them  to  roads  where  some 
form  of  compound  locomotive  is  extensively  used. 
Moreover,  it  is  w^ell  that  their  attention  be  espe- 
cially directed  to  the  subject  in  order  that  it  may 
have  the  consideration  and  scrutiny  at  their 
hands  which  its  growing  importance  justifies  and 
their  practical  know^ledge  is  likely  to  render  so 
valuable. 

It  is  not  surprising,  inasmuch  as  the  opinions 
of  engineers  and  firemen  respecting  the  opera- 
tion of  simple  engines  differ  so  widely,  that  there 
should  be  much  controversy  among  them  in  re- 
gard to  the  operation  of  compound  locomotives. 
Experience  on  the  part  of  those  operating  the 
compound  locomotive  will  tend  to  its  better 
service  and  consequently  greater  development. 
Many  prejudices  against  it  are  due  to  lack  of  ac- 
quaintance with  its  operation.  This  is  true  of 
every  new  thing.  Especially  is  it  true  in  the 
case  of  compounds  where  a  railway  has  few  loco- 
motives of  this  kind.  The  feeling  is  but  natural, 
if  we  remember,  as  we  should,  that  in  the  handling 
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of  their  engine  the  reputation  of  the  engineer 
and  fireman  is  at  stake.  The  opportunity  af- 
forded them  for  handling  and  stud3'ing  any  odd 
engine,  compound  or  otherwise,  is  necessarily 
limited.  Moreover,  in  the  operation  of  such  lo- 
comotive, it  is  possible  they  may  be  impressed 
with  the  unhandy,  because  unusual,  cab  arrange- 
ments. Naturally,  they  are  filled  with  appre- 
hension, lest  some  accident  might  occur  and 
they  be  found  ignorant  of  what  should  be  done 
to  temporarily  repair  the  engine  and  bring  it  in. 
If  a  considerable  number  of  the  locomotives  of  a 
railroad  are  compounds  of  similar  class,  the  men 
handling  them  become  accustomed  to  their  opera- 
tion and  this  fear  disap^Dears.  It  is  with  a  view 
to  the  practical  usefulness  these  pages  may  have 
for  engineers,  firemen,  and  others  interested  in 
the  operation  of  compounds,  that  the  descrip- 
tions herein  are  elaborated  to  the  extent  they  are. 
The  plan  followed  with  each  class  of  compound 
locomotives  is,  first,  to  give  a  general  description 
of  its  operation,  succeeded  by  a  detailed  descrip- 
tion of  its  technical  parts.  This  is  done  that  the 
reader  may,  in  the  first  instance,  if  he  desires, 
learn  of  the  general  arrangement  of  each  class 
without  the  details,  and  afterwards,  at  his  leisure, 
he  may  apply  himself  to  the  particular  class  or 
classes  that  most  interest  him.  Following  the 
description  of  each  class  of  compounds  will  be 
found,  in  catechetical  form,  information  relating 
to  its  operation  in  case  of  any  ordinary  derange- 
ment of  its  parts  when  the  methods  of  procedure 
will  diifer  from  those  in  case  of  similar  accidents 
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to  simple  locomotives,  as  outlined  in  the  manual. 
It  is  said  that  reforms  must  pass  through 
three  stages:  ridicule,  argument,  and  adoption. 
The  compound  has  been  subjected  to  the  first 
and  second  of  these  epochs,  and  it  may  be  as- 
sumed to  have  reached  the  last  stage  mentioned. 
Like  every  part  of  a  railroad,  it  is  still  in  a  state  of 
evolution.  I  know  of  no  preference  in  regard  to 
compounds  that  is  proper  to  express  here.  The 
order  of  description  has,  therefore,  no  signifi- 
cance. In  the  description  of  the  various  types  I 
have  endeavored  to  eliminate  all  matter  that 
does  not  pertain  directly  to  the  practical  appli- 
cation of  the  principle  of  compounding,  as  de- 
scriptions relating  to  other  parts  of  the  locomo- 
tive are  to  be  found  elsewhere  in  "The  Science 
OF  Railways."  In  relation  to  the  descriptions 
of  the  compound,  I  wish  to  say  that  I  am  in- 
debted in  a  marked  manner  to  Mr.  E.  W.  Pratt, 
whose  familiarity  with  the  construction  and 
working  of  locomotives  and  the  appliances  of  the 
latter  makes  him  an  authority  of  the  highest  or- 
der in  regard  to  all  such  matters.  I  am  in- 
debted to  him  in  many  other  ways  and  it  affords 
me  much  gratification  to  be  able  to  acknowledge 
it  thus  conspicuously. 


CHAPTER  II. 

engineers'     and      firemen's     manual COMPOUND 

LOCOMOTIVES GENERAL      DESCRIPTION COM- 
PARISON   WITH    SIMPLE    LOCOMOTIVES. 

A  compound  locomotive  is  one  in  which  the 
exhaust  from  one  or  more  cylinders  is  passed 
into  one  or  more  other  cylinders  and  made  to  do 
more  work  by  further  expansion  before  it  is  al- 
lowed to  escape  to  the  atmosphere.  In  stationary 
and  marine  service  the  principle  of  compounding 
has  long  since  passed  its  experimental  stage  and, 
following  the  replacement  of  the  single-expansion 
engine  by  the  double-expansion  tyjDC,  came  the 
era  of  high  boiler  pressures  with  tri]3le  and  even 
quadruple-expansion  engines  in  marine  service. 
It  w^as  long  thought  by  many,  and  is  still  held 
by  some,  that,  although  compounding  of  steam 
in  marine  and  stationary  engines  was  a  great 
economy  due  to  the  use  of  the  condenser,*  on 
locomotives  where  condensers  were  impractic- 
able, the  compound  locomotive  would  not  be  able 
to  gain  sufficient  advantage  over  the  simple 
engine  to  w^arrant  their  general  use. 

Without  any  attempt  to  pass  judgment  upon 
the  relative  value  of  the  points  put  forward  for 
and  against  compound  locomotives,  I  will  out- 


*A  condenser  is  a  chamber  into  which  the  final  exhaust  of  an 
engine  takes  place  and  in  which  the  steam  is  cooled  and  con- 
densed, either  by  a  jet  of  water  or  by  contact  with  sheets  or 
tubes  having  cold  water  circulation  on  their  opposite  sides. 
These  two  forms  of  condensers  are  termed  "jet  condenser"  and 
"surface  condenser,"  respectively. 
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line  some  of  the  claims  made  by  their  advocates 
and  also  some  of  the  practical  objections  met 
with  in  their  nse,  many  of  which  objections 
have  be6n  largely  overcome  in  the  later 
designs. 

It  shonld  be  remembered  that  the  locomotive 
is  not  a  steam  engine  merely,  but  consists  of  a 
boiler  as  well,  and  must  also  carry  water  and  fuel 
for  its  own  demands. 

The  first  advantage  of  the  compound  over  the 
simple  locomotive  comes  from  its  greater  economy 
in  fuel,  resulting  primarily  from  the  saving  in 
steam.  There  is,  however,  a  secondary  saving,  pro- 
duced by  the  less  violent  effect  of  the  exhaust  upon 
the  fire  and  also  the  economical  use  of  high  boiler 
pressures  in  compound  engines. 

Experiments  have  shown  that  high  boiler  pres- 
sures, say  above  180  pounds,  which  have  been 
found  very  economical  (especially  in  the  space 
occupied  per  horse  power  developed)  in  station- 
ary and  marine  engines,  are  not  a  source  of  econ- 
omy with  the  type  of  single-expansion  locomotives 
in  use  in  this  country,  due  to  the  extreme  ranges 
of  temperature  within  a  single  cylinder  and  the 
consequent  condensation.  Also,  locomotive  cylin- 
ders and  their  steam  ports  are  not  well  protected, 
and  compounding  the  cylinders  renders  the  varia- 
tions of  temperature  in  each  cylinder  less  wide, 
and  thus  makes  practicable  the  use  of  higher  pres- 
sure. With  the  use  of  steel  in  place  of  iron  for 
boiler  construction,  and  also  on  account  of  the 
excellent  care  and  inspection  given  all  locomo- 
tive boilers,  there  is  no  material  increase  of  first 
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cost  or  for  maintenance  of  higli-pressiire  boilers. 
In  simple  locomotives  the  exhaust  produces 
such  a  violent  draft  upon  the  tire  that  great 
quantities  of  unconsumed  fuel  are  drawn  from 
the  tire-box  and  thrown  from  the  stack.  This  is 
not  alone  a  w^aste  of  fuel,  but  cinders  entering 
the  open  car  windows  are  a  source  of  great  an- 
noyance to  passengers,  while,  before  the  use  of 
the  compound  locomotive  in  the  service  of  subur- 
ban railwaj's,  the  noise  of  the  exhaust  had  to  be 
overcome  by  means  of  mufflers,  which  became 
quickly  choked  up  and  produced  a  high  back- 
pressure on  the  ]3istons,  resulting  in  the  loss  of 
from  15  to  20  per  cent,  of  the  power. 

The  throwing  of  sparks  from  the  stack  is  not 
only  a  source  of  annoyance,  but  frequently  re- 
sults in  heavy  losses  from  damage  by  tire  in  tim- 
ber and  agricultural  districts,  and  this  is  largely, 
if  not  entirely,  overcome  by  the  compound 
locomotive. 

The  heating  surfaces  of  any  given  boiler  absorb 
heat  from  the  tire  and  deliver  it  to  the  water  at 
a  certain  rate.  If  the  rate  at  which  the  products 
of  combustion  are  carried  away  exceeds  this  rate 
of  absorption,  there  will  be  a  continual  waste 
that  can  only  be  overcome  by  reducing  the  veloc- 
ity of  the  products  of  combustion.  In  the  com- 
pound locomotive  this  is  effected  by  the  milder 
exhaust.  It  has  been  clearly  demonstrated  by 
experiment,  that  a  milder  exhaust  and  conse- 
quently a  slower  rate  of  combustion  produces  a 
greater  evaporation  of  water  per  pound  of  fuel. 

The  milder  exhaust  is,  of  course,  the  result  of  a 


162 


ENGINEERS'  AND  FIREMEN'S  MANUAL. 


lower  back-pressure  and  thereby  permits  a  greater 
effective  power  on  the  piston. 

There  is  also  found  to  be  considerable  reduction 
in  C3dinder  condensation,  owing  to  the  relatively 
small  variation  of  temperatures  in  each  cylinder 
as  compared  with  single-expansion  engines.  In 
any  engine  the  walls  of  the  cylinder,  one  cylinder- 
head,  and  one  side  of  the  piston  are  cooled  to  the 
temperature  of  the  exhaust  steam  during  each 
stroke,  and  the  live  steam,  again  entering,  must 
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reheat  them  to  its  own  temperature,  thus  con- 
densing and  requiring  additional  steam  to  flow  in 
and  take  its  place.  In  the  compound  this  total 
range  of  temperature  is  divided  between  the  high 
and  the  low-pressure  cylinders,  and  thus  the  vari- 
ation and  consequent  condensation  in  each  cylin- 
der is  less. 

The  saving  of  steam  results  in  the  saving  of 


COMPOUND  LOCOMOTIVES.  163 

both  water  and  fuel.  The  economy  in  fuel  can 
be  directly  reduced  to  dollars  and  cents,  while 
that  resulting  from  the  saving  of  water  is  more 
indirect.  In  bad  water  districts,  the  reduction 
of  from  15  to  20  per  cent,  in  the  amount  of  water 
used,  necessitates  less  frequent  washings-out  of 
the  ^boiler  and  must  result  in  greater  life  and 
diminished  repairs  to  boiler  and  flues.  Moreover, 
as  its  carrying  capacity  of  water  limits  the  dis- 
tance that  a  locomotive  can  run  without  stopping 
(or  slowing  up,  where  track-tanks  are  used),  it  is 
evident  that  the  compound  locomotive  would  have 
an  advantage  in  this  respect.  Fig.  100,  besides 
showing  the  most  economical  point  of  cut-off  for 
simple  and  compound  engines,  as  far  as  the  use 
of  water  is  concerned,  clearly  shows  the  relatively 
smaller  amount  of  water  used  by  the  compound 
per  indicated  horse  power. 

No  locomotive  can  haul  more  than  its  adhesion 
to  the  rails  will  permit,  and  hence  the  tractive 
power  of  an  engine  is  based  upon  whatever  the 
adhesion  to  the  rails  may  be.  This  is  determined 
by  practical  experiment.  With  a  fairly  dry  rail, 
a  turning  force  of  more  than  one-fifth,  or  20  per 
cent.,  of  the  weight  of  the  drivers  on  the  rails, 
will  cause  the  wheels  to  slip;  a  perfectly  dry  rail 
will  permit  of  a  tractive  power  of  about  one- 
fourth,  or  25  per  cent.,  of  the  weight  on  the 
drivers;  a  well  sanded  dry  rail  will  allow  one- 
third,  or  33i  per  cent.,  while  a  bad  frosty  rail 
will  permit  less  than  half  this  last  amount. 
Where  all  the  driving  wheels  are  connected,  it 
matters  not,  of  course,  whether  this  force  is  ap- 
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plied  by  one  or  many  cylinders,  but,  if  the  power 
is  not  uniformly  distributed  throughout  the  revo- 
lution and  becomes  sufficiently  excessive  at  any 
one  iDoint  to  cause  the  wheels  to  slip,  a  very 
much  less  power  will  thereafter  keep  them  slip- 
ping. It  is  a  well  known  fact  that  adhesion,  and 
consequently  the  tractive  power  of  a  locomotive, 
is  very  much  reduced  after  the  wheels  begin  to 
slip.* 

It  is  claimed  for  the  compound,  that,  as  the 
average  cut-off  is  later  in  both  cylinders  than  for 
simple  engines,  the  turning  power  is  more  uni- 
form throughout  the  revolution,  and  hence  heavier 
trains  can  be  hauled  than  with  the  single-expan- 
sion engine.  Then,  too,  while  it  would  be  un- 
economical at  other  times  to  design  a  simple 
engine  with  cylinders  sufficiently  large  to  develop 
so  high  a  tractive  power  as  33^  per  cent,  at  slow 
speeds,  this  can  be  done  with  compound  loco- 
motives of  the  "convertible"  type  without  loss 
in  econoni}^  under  ordinary  speeds  of  service, 
when  working  compound. 

A  saving  of  oil  has  been  one  of  the  minor  econ- 
omies claimed  to  be  incidental  to  the  use  of  com- 
pound locomotives.  It  is  generally  thought  that 
from  six  to  ten  drops  of  valve  oil  per  minute  are 
required  to  be  supplied  with  the  steam  in  order 
to  properly  lubricate  a  valve  and  cylinder.     This 


*E very  engineer  knows  this  and  puts  his  knowledge  into  prac- 
tice Avhen  on  a  very  slippery  rail  by  opening  the  throttle  very 
slightly  and  leaving  the  valve  in  full  gear,  thus  distributing  the 
pressure  more  uniformly  throughout  the  stroke  than  would  be 
tlie  case  with  a  shorter  cut-oflf. 
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oil  is  supplied  to  the  high-pressure  cylinder  only, 
and  hence,  in  the  two-cylinder  class  of  com- 
pounds, a  saving  has  been  effected  in  many  cases. 

Comparative  tests  of  greater  or  less  duration 
have  been  made  by  various  railways,  between 
compound  and  simple  locomotives  of  otherwise 
similar  construction,  and  the  results  obtained  by 
the  different  experimenters  are  widely  at  vari- 
ance. In  general,  it  may  be  said  that  the  re- 
ported saving  in  fuel  with  the  compound  is  about 
ten  per  cent,  in  fast  ]3assenger  and  20  per  cent. 
in  heavy  freight  service,  although  figures  double 
the  latter  have  frequently  been  given.  "^ 

Later  designs  of  compound  locomotives,  arranged 
to  be  worked  simple  at  the  will  of  the  engineer,  will 
temporarily  pull  a  heavier  train  than  a  simple 
engine  of  otherwise  like  design.  When  it  is  con- 
sidered that  the  ruling  grade  on  a  division  is  the 
governing  factor  for  the  maximum  rating  of 
through  trains  over  the  whole  division,  it  will  be 
seen  that  a  locomotive  capable  of  enough  greater 
power  to  haul  an  additional  car  or  two  up  that 
grade,  produces  more  economical  service  for  the 
whole  division. 

Leaky  valves  and  cylinder  packing  are  less 
wasteful  in  a  compound  than  in  a  simj)le  engine. 
Steam  leaking  by  the  valve  or  packing  of  the 
high-x3ressure  cylinder  is  still  w^orked  expansively 


*Fast  freight  service  will  more  nearly  compare  with  express 
passenger  service  and  the  saving  will  be  less  than  in  heavy  slow 
freight  service,  on  account  of  the  simple  engine  using  steam 
more  expansively  in  the  former  service  than  in  the  latter.  This 
is  more  fully  brought  out  elsewhere. 
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in  the  low-pressure  cylinder.  Then,  too,  the  dif- 
ference of  pressure  between  the  two  sides  of  the 
valves  and  pistons  is  less  than  for  simple  engines, 
and  the  wear  should  be  consequently  less. 

On  the  other  hand  many  serious  practical  ob- 
jections have  been  raised.  The  large  cylinders 
greatly  increased  the  weight  of  the  reciprocating 
parts.*  This  must  be  followed  by  heavier  coun- 
ter-balancef  weights  and  their  accompanying 
evils.  J  Also  larger  ports  and  consequently  larger 
valves  must  be  provided  for  the  large  cylinders. 
Inasmuch  as  considerable  difficulty  was  formerly 
experienced  in  obtaining  admission  and  exhaust 
ports  of  sufficient  size  for  the  cylinders  of 
large  high-s^Deed  single-expansion  engines,  it  is 
not  remarkable  that  there  should  have  been  con- 
siderable trouble  experienced  from  this  source  in 
designing  ports  for  the  much  larger  cylinders  of 
the  compound  locomotive. 

In  connection  with  these  last  two  points,  the 
weight  of  reciprocating  parts  and  the  port  re- 


^By  the  reciprocating  parts  is  meant  those  parts  that  have  a 
forward  and  back  (or  reciprocating)  motion.  This  includes  the 
pistons  and  piston-rods,  the  cross-heads  and  a  certain  part  of 
the  main  rods. 

fThe  counter-balance  is  the  balance  weight  placed  in  the 
wheel  at  a  point  opposite  the  crank  pin.     (See  No.  240,  Plate  1.) 

$The  counter-balance  weights  act  at  all  points  of  the  revolu- 
tion, having  an  outward  or  centrifugal  tendency  from  the  center 
of  the  wheel  that  is  great  at  high  speeds,  and  is  only  counter- 
acted when  the  engine  is  passing  the  front  and  back  centers.  At 
other  points  it  produces  an  upward  tendency  upon  the  engine 
when  moving  up  and  a  downward  blow  upon  the  rails  when 
moving  down. 
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quirements,  let  us  see  for  one  moment  what  the 
requirements  for  high  speed  are.  Take  an  engine 
with  a  live  foot  driving  wheel  and  a  twenty-four 
inch  stroke,  traveling  at  the  not  unusual  rate  of 
a  mile  a  minute.  This  requires  336  revolutions 
per  minute,  and  means  that  the  piston  starts  and 
stops  672  times,  and  with  all  its  stopping  and 
starting  travels  1344  feet  per  minute.  At  mid- 
stroke  the  piston  speed  is  about  35  feet  per  second 
or  24  miles  per  hour.  To  the  average  railway 
man  high  speeds  are  so  common  that  I  can  think 
of  no  better  way  to  show  the  full  meaning  of 
these  figures  than  to  compare  them  with  those  of 
a  falling  body  acted  upon  by  gravity.  A  falling 
body  at  the  end  of  the  first  second  is  traveling  at 
the  rate  of  32  feet  per  second,  or  about  22  miles 
per  hour,  and  in  gaining  this  speed  the  body  has 
fallen  some  16  feet,  through  Avhicli  distance  the 
continued  action  of  gravity  has  produced  this  not 
inconsiderable  acceleration,  while  in  the  case  of 
the  piston  of  the  locomotive  in  question,  the  still 
greater  speed  of  24  miles  per  hour  must  not  only 
be  attained  by  the  time  the  piston  has  reached 
the  middle  of  its  stroke,  or  in  one  foot,  but  also 
it  must  be  exerting  great  additional  propelling 
power  on  the  crank  pins.  The  steam  in  front  of 
this  rapidly  moving  piston  must  be  exhausted 
freely  or  there  would  be  no  effective  power  to 
maintain  the  speed.  Where  the  reciprocating  parts 
weigh  nearly  a  thousand  pounds,  it  will  be  seen 
what  enormous  power  is  required  to  stop  and 
start  them  without  jar  or  shock  to  the  loco- 
motive, and  also  the  size  of  ports  required  to 
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freely  exhaust  the  pressure  ahead  of  and  freely 
supply  steam  behind  the  very  large  pistons  of 
compound  locomotives.  With  any  of  the  several 
types  of  valve  gear  used  in  locomotive  practice 
to-day,  it  goes  without  saying  that  no  compound 
can  be  relatively  so  efficient,  in  comparison  with 
single-expansion  engines,  in  express  i^assenger  as 
in  freight  service,  for  the  reasons  hereinbefore 
described.  When  many  single-expansion  loco- 
motives with  moderately  large  ports  require  a  ve- 
locity of  steam  through  their  xDorts  of  over  1,000 
feet  per  second,  it  can  better  be  imagined  than 
told  what  the  iDort  requirements  are  for  the  large 
low-pressure  cylinder  on  a  compound.  It  is  gen- 
erally considered  that  for  express  passenger  serv- 
ice the  low-pressure  cylinders  should  not  be  so 
large  in  proportion  to  the  high-pressure  cylinders 
as  for  freight  service. 

Many  of  the  earlier  compounds  in  this  country 
suffered  in  comparative  tests  with  simple  engines 
of  otherwise  similar  design,  by  having  cylinders 
of  too  small  a  size  to  do  the  same  work  as  the 
simple  engine.  While  they  did  their  work  with 
economy,  thej^  would  not  haul  the  heavy  trains 
of  the  simple  engines,  and  their  supposed  cax)acity 
had  to  be  reduced,  to  the  annoyance  of  those  en- 
gaged in  the  operating  of  trains.  Since  then,  with 
the  advent  of  larger  cylinders  and  the  ''convert- 
ible" class  of  compounds,  the  conditions  have 
become  altered. 

With  any  locomotive,  when  steam  is  shut  off, 
as  in  running  down  grade,  the  pistons  act  as  air 
compressors,  causing  thumping,  rough  riding,  and 
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cooling  of  the  cylinders,  as  well  as  a  strong  draft 
in  the  stack  at  a  time  when  no  steam  and  little 
draft  are  required,  and  thus  i^roduce  a  waste  of 
fuel.  The  large  low-pressure  cylinders  of  the 
compound  have  greatly  magnified  this  evil,  and 
several  builders  have  overcome  it  by  the  use  of 
automatic  valves  on  the  low-pressure  cylinder,  by 
which  the  two  sides  of  the  low-pressure  piston  are 
connected  whenever  the  locomotive  is  drifting. 

After  closing  the  throttle,  an  engine  working- 
compound  will  make  several  strokes  before  all 
steam  is  finally  exhausted.  This  delay  in  clear- 
ing the  cylinders  of  steam,  placed  compound 
locomotives  to  considerable  disadvantage  in 
switching  or  like  service;  also,  in  such  service, 
accustomed  to  gauge  the  speed  by  the  exhaust 
of  the  engine,  trainmen  were  often  deceived  by 
the  less  frequent  exhaust  of  the  two-cylinder  com- 
pound. The  employment  of  the  separate  high- 
pressure  exhaust,  whereby  the  engine  can  be  run 
simple  at  the  will  of  the  engineer,  it  appears, 
has  overcome  these  objections  from  an  operating 
standpoint. 

Many  of  the  earlier  forms  of  intercepting  valves 
were  of  the  poppet  type  and  hammered  badly  in 
opening  or  closing.  It  will  be  noticed  that  these 
valves  in  the  later  designs  are  of  the  piston  type 
and  are  almost  invariably  cushioned  by  dash-pots 
connected  thereto,  or  some  other  equally  effective 
means. 

It  is  also  claimed  that  the  breakage  and  loosen- 
ing of  the  large  low-pressure  cylinders  have  been 
considerably  done  away  with  by  the  use  of  proper 
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reducing  valves  and  a  better  attachment  of  cylin- 
ders to  the  frame,  the  use  of  double  front  rails  for 
the  latter  being  particularly  noticeable  in  modern 
construction  of  large  locomotives. 

Thus  it  is  that  improvements  in  design  and  con- 
struction are  continually  taking  place,  and  the 
upholders  of  the  great  principle  of  compounding 
will  certainly  witness  their  more  extensive  adapta- 
tion to  all  classes  of  service. 


CHAPTER  III. 


engineers'    and     firemen's     manual CLASSES     OF 

COMPOUND     LOCOMOTIVES    AND     THEIR    GENERAL 
CONSTRUCTION. 


There  are  manj^  classes  of  compound  locomo- 
tives in  use.  First,  the  stricthf  plain  compound ^ 
where  no  live  steam  is  admitted  to  the  low-pres- 
sure cylinder,  even  in  starting.  The  Webb  three- 
cylinder  compounds  (with  cylinders  arranged  as 
outlined  in  Fig.  106,)  which  are  usually  with- 
out connecting  rods — the  two  high-pressure  cylin- 
ders turning   the  rear  pair  of  driving  wiieels  by 

two  outside  cranks  while 
the  low-pressure  cylinder 
turns  the  forward  drivers 
by  means  of  an  inside 
crank  —  belong  to  this 
class  and  are  used  in  con- 
siderable numbers  on  the 
London  &  North-Western 
of  England.  They  are  not 
-  powerful  in  starting,  as 
jfij^.jo/.  \\^Q  driving  wheels  acted 

upon  by  the  high-pressure  cylinders  must  turn, 
either  by  slipping  or  moving  the  train,  before 
steam  enters  the  low-pressure  cylinder. 

Second,  aufomafic  compounds — those  using  live 
steam  in  the  low^-pressure  cylinder  in  starting 
only,  automatically  changing  to  compound  with 
the  first  stroke,  and  thereafter  cannot  be  run  ex- 
cept as  compounds. 
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The  third  class  can  be  run  simple  or  compound 
at  any  time  at  the  will  of  the  engineer  and  will 
be  termed  convertible  compounds. 

Each  of  these  principal  classes  may  have  two, 
three,  or  four  cylinders.  The  two-cylinder  or  "cross- 
compound"  always  has  an  intermediate  recepta- 
cle, called  a  receiver,"^  between  the  high  and  low- 
pressure  cylinders,  while 
the  four  -  cylinder  en- 
gines may  or  ma}"  not 
have  receivers  —  those 
with  both  pistons  at- 
tached to  the  same 
crosshead  generally 
have  not.  The  three 
systems  of  four-cylinder 
compounds  used  in  this 
country  are  the  Baldwin 
(Vauclain),  the  Brooks 
(Player),  and  the  John- 
stone. Of  these,  the  Brooks  has  receivers,  while 
the  remaining  two  are  of  the  continuous  expan- 
sionf  type  and  have  no  receivers.  J 

*The  receiver  is  for  the  purpose  of  receiving  the  exhaust  from 
the  high-pressure  cjiinder  and  liolding  it  until  the  engine  gets 
to  the  point  in  tlie  revolution  where  it  is  admitted  against  the 
low-pressure  piston.  Incidentally,  the  receiver  may  act  as  a  re- 
heater,  if  located  in  the  smoke-box,  as  is  usually  the  practice. 

fMeaning  expansion  without  any  pause  or  interruption  as  is 
the  case  when  a  receiver  is  interposed  between  the  high  and  the 
low-pressure  cylinders. 

Jin  Europe  the  Hurgarian  State  Railways  employ  four-cylin- 
der tandem  compounds  with  one  receiver  into  which  both 
high-pressure  cylinders  exhaust  and  from  which  both  low-pres- 
sure cylinders  receive  their  supply. 
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The  arrangement  of  cylinders  is  quite  varied, 
as  shown  b}^  the  several  skeleton  cuts.  There 
may  be  two  cylinders,  one  high-pressure  and  one 

low-pressure,  as  outlined  in 
Figs.  101,  102  and  108;  one 
high  and  two  low-pressure, 
as  in  Figs.  104  and  105;  two 
high-pressure  and  one  low 
into  which  they  both  ex- 
haust, as  in  Fig.  106;  two 
high,  each  exhausting  in- 
dependently into  a  low- 
pressure  cylinder  on  the 
same  side  of  the  engine, 
shown  in  Figs.  107, 108,  109 
and  110;  or  two  high  ex- 
hausting into  a  common  receiver  from  which 
both  low-pressure  cylinders  draw  their  supply,  as 
in  Figs.  Ill  and  112.  Aside  from  the  varied  ar- 
rangement of  cylinders, 
many  of  the  European 
designs  employ  three 
and  four  cranks  and  use 
no  side  rods.  Some 
French  constructions, 
retaining  the  use  of  side 
rods,  employ  for  the 
high-pressure  cylinders 
two  inside  cranks  on 
one  driving  axle  at  an 
angle  with  the  low- 
pressure  cranks  on  a 
second  driving  axle,  the  angle  between  the  cranks 
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being  such  as  to  give  as  large  a  turning  power  as 
possible,  for  all  portions  of  the  revolution. 

It  is,  perhaps,  needless  to  say  that  the  wide 

variations  in  the  service 
of  American  locomotives 
demand  that  they  have  a 
large  starting  power  at  all 
points  of  the  stroke.  To 
obtain  this  starting  power, 
all  the  earlier  designs 
used  a  device  called  an  in- 
tercepting valve  that,  if 
closed  in  starting,  cut  off 
communication  between 
the  receiver  and  the  low- 
pressure  cylinder  and  at 
the  same  time  admitted 
live  steam  to  the  low-pressure  side,  but  after  the 
first  exhaust  from  the 
high-pressure  cylinder  to 
the  receiver  took  place, 
the  pressure  in  the  latter 
automatically  shoved  open 
the  intercepting  valve  and 
simultaneously  sh.ut  off 
the  further  supply  of  live 
steam  to  the  low-pressure 
cylinder.  Hence  these  en- 
gines belong  to  the  auto- 
matic class  of  compounds. 

Mr.  Anatole  Mallet,  who  ^^   ^^^ 

was  the  designer   of    the  ''^' 

first  practical  compound  locomotives  in  Europe 
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in  1876,  was  also  the  first  to  devise  a  means  by 
which  a  compound  could  be  worked  as  a  simple 
locomotive  for  any  desired  period  at  the  will  of 
the  engineer.  This  was  accomplished  by  adding 
a  separate  exhaust  valve  through  which  the  ex- 
haust from  the  high-pressure  cylinder  could  escape 
to  the  atmosphere  without  accumulating  in  the 
receiver.  This  relieved  all  back  pressure  on  the 
high-pressure  piston  and  admitted  of  greater  power 
at  slow  speed  than  was  otherwise  obtained.* 
Many  objections  were   raised   to   placing  the 

operation   of   the   engine 

either  as  a  simple  or  as  a 

compound   in   the   hands 

of  the  engineer,  and  the 

fear  was  freely  expressed 

that  the  average  engineer 

would  run  the  locomotive 

to    its    disadvantage     in 

/^^^\  simple  position  more  than 

V^y  enough  to  offset  the  sav- 

[h         ing  when   operated   as  a 

— ; —   ^ compound.    However,  one 

^'^'     '  prominent  railroad  officer, 

m  placing  the  operation  of  the  valves  at  the  will 
of  the  engineer,  seemed  to  express  the  now  settled 
conviction  of  all,  when  he  said:  ''To  argue  that  an 

*It  should  also  be  staled  that  not  only  were  the  automatic 
compounds  less  powerful,  at  slow  speeds  after  starting,  than 
simple  engines,  but,  except  in  the  case  of  four-cylinder  engines 
having  one  high  and  one  low-pressure  cylinder  on  the  same  side 
they  were  practically  helpless  in  case  of  a  broken  steam  chest 
on  either  side.  The  use  of  the  separate  exhaust  valve  has  greatly 
altered  the  conditions  in  these  cases. 
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engineer  is  likely  to  work  simple  any  longer  than 
absolutely  necessary,  is  about  the  same  as  saying 
that  an  engineer  with  the  ordinary  engine  cannot 
be  trusted  to  pull  the  reverse  lever  up  as  soon  as 
possible." 

Later  practice  interposed,  within  or  near  the 
intercepting  valve,  a  reducing  valve,  which  is 
used  to  admit  live  steam,  at  a  reduced  pressure 
only,  into  the  low-pressure  cylinder  when  starting 
or   when    working    simple.     This    reduced    the 

abnormal  shocks  that  were 
produced  when  starting 
large  compounds  of  earlier 
design.  The  reducing 
valve,  the  intercepting 
valve,  and  the  separate 
/^~^"\  exhaust    valve    were    so 


(-^^y  closely  combined  in  many 
^---^  cases  and  so  dependent, 
one  upon  the  other,  in 
their  operation,  that  it 
became  the  tendency 
among  railway  and  me- 
chanical men  to  refer  to  the  w^hole  mechanism 
simply  as  the  ''intercepting  valve." 

While  the  limit  to  the  size  of  the  ordinary 
locomotive  may  be  considered  to  have  been 
reached  w^hen  the  largest  practical  boiler  that  can 
be  placed  on  a  given  gauge  track  has  been  attained, 
the  limit  to  the  American  two-cylinder,  or  cross- 
compound,  with  outside  cranks  W'ill  be  the  max- 
imum w^dth  allowable  for  locomotives.  However, 
again  Mr.  Mallet,  the  father  of  the  present  era 
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of  compound  locomotives,  has  seemingly  solved 
the  problem  by  dividing  the  low-pressure  cylinder 
into  two  cylinders,  as  shown  in  Fig.  105,  of  smaller 
size  attached  to  the  same  crosshead.  With  such 
a  construction  it  would  appear  that  the  boiler 
would  still  be  the  limiting  feature  of  the  size  of 
the  compound  as  well  as  the  simple  locomotive. 
The  proper  cylinder  ratio  of  compounds  for  all 
varieties  of  service  is  still  somewhat  undeter- 
mined. By  the  cylinder  ratio  is  meant  the  propor- 
tion between  the  volumes  of  the  high  and  the 
low-pressure  cylinders,  not  including  the  clearance 
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spaces.  In  American  practice  where  the  length 
of  stroke  is  the  same,  the  cylinder  ratio  w^ould 
be  as  the  areas  of  the  two  pistons,  and  it  can 
readily  be  found  by  multiplying  the  diameter  of 
each  cylinder  by  itself  and  comparing  the  two 
products.  For  instance,  to  find  the  cylinder  ra- 
tio of  an  engine  with  a  20  inch  high  and  a  30 
inch  low-pressure  cylinder,  multiply  20x20  equals 
400;  30x30  equals  900;  400  goes  in  900  two  and 
one-fourth  times,  which  is  the  cylinder  ratio. 
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The  early  practice  in  this  country  with  two- 
cylinder  compounds  gave  a  ratio  of  two  to  one 
or  even  less,  but  extended  experiment  has  dem- 
onstrated that  a  greater 
proportion  than  this  is 
advisable  and  many 
compounds  of  this  class 
have  a  low-pressure  cyl- 
inder from  two  and  one- 
half  to  two  and  three- 
quarters  times  larger 
than  their  high-pressure 
cylinder.  The  Baldwin 
works  used  a  ratio  of  3 
to  1  in  their  Vauclain 
four  -cylinder  com- 
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pounds  for  both  passenger  and  freight  service  for 
a  number  of  years  and  consider  the  results  emi- 
nently satisfactory,  while 
the  builders  of  the  Brooks 
tandem  four  -cylinder 
compound  advise  a  ratio 
of  between  2.8  and  3  to  1. 
However,  the  whole  prob- 
lem of  cylinder  ratios  for 
compound  locomotives  is 
based  upon  the  desirabil- 
ity of  dividing  the  work  V_yi 
as  equally  as  possible  be- 
tween the  high  and  the" 
low-pressure  cylinders,  and 
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without  going  into  details,  it  is  apparent  that  no 
given  ratio  will  keep  the  work  equally  divided 
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for  different  service  and  different  points  of  cut-off, 
nor  should  this  equal  division  of  power  between 
the  cylinders  be  given  anything  but  secondary 
consideration  in  comparison  with  the  total  econ- 
omy of  the  locomotive.  To  partially  equalize  the 
power  of  compounds,  the  amounts  of  lap  and  lead 
are  not  the  same  for  both  cylinders;  one  builder 
uses  a  separate  lever  in  the  cab  for  independ- 
ently adjusting  the  travel  of  the  low-pressure 
valve,  as  fully  described  elsewhere. 

There  seems  to  be  no  general  rule  followed  by 

builders  in  this  country 
as  to  which  cylinder  of 
a  two-c  y  1  i  n  d  e  r  com- 
j)ound  should  be  placed 
on  the  right-hand  or 
engineer's  side  of  the 
engine.  Generally  the 
intercepting  valves  are 
located  on  the  engi- 
neer's side  to  make  their 
connections  as  simple  as 
possible,  and  hence,  ac- 
cording  as  the  design 
^      *  contemplates  the  plac- 

ing of  this  valve  adjacent  to  the  high  or  the  low- 
pressure  cylinder,  that  one  is  placed  on  the  right- 
hand  side.  But  even  this  rule  is  not  without 
exception.* 

*It  would  seem  as  though  the  intercepting  valve,  if  placed 
between  the  high-pressure  cylinder  and  the  receiver,  would  cause 
less  wiredrawing  of  steam  to  the  low-pressure  cylinder  than  if 
located  between  the  latter  and  the  receiver. 
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Some  compounds  have  cylinder  casings  both  of 
the  same  size,  but  with  the  advent  of  the  thirty- 
four  or  thirty-five  inch  low-pressure  cylinder  it 
seemed  to  many  advisable  to  place  it  on  the 
engineer's  side  with  the  thought  of  its  better  pro- 
tection from  damage  if  within  his  vision,  and,  fur- 
thermore, that  the  high-pressure  cylinder  casing 
be  made  no  larger  than  necessary  for  reason  of 
its  better  protection  from  accident. 

It  is  becoming  the  general  practice  on  com- 
pounds of  any  size  to  place  combination  safety  and 
relief  valves  on  the  receiver  and  the  low-pressure 
chest  and  cylinder  heads  to  avoid  damage  in  case 
of  broken  reducing  valve  or  other  accident  that 
might  produce  unsafe  pressure  on  that  side. 


CHAPTER   IV. 

ENGINEERS^     AND      FIREMEN's     MANUAL QUESTIONS 

AND     ANSWER3     ON     THE     OPERATION     OF     COM- 
POUND   LOCOMOTIVES    IN    GENERAL. 

In  what  respects  should  the  instructions  for 
firing  compound  locomotives  differ  from  those  for 
single-expansion  engines,  as  described  in  the 
Manual  ?  On  account  of  the  effect  of  the  milder 
exhaust  on  the  fire,  the  fireman  should  carry  the 
fire  as  light  as  possible  and  yet  keep  a  thin  layer 
of  coal  in  a  well  ignited  state  over  the  entire 
surface  of  the  grates. 

Should  the  engineer  observe  any  difference 
between  the  operation  of  a  compound  and  a 
simple  locomotive  ?  Perhaps  the  most  important 
thing  is  that  the  engineer  must  accustom  himself 
to  use  the  reverse  lever  for  what  it  is  intended, 
not  hesitating  to  increase  the  valve  travel  when- 
ever necessary,  and  converting  the  engine  to 
"simple"  only  at  low  speeds  and  after  the  maxi- 
mum power  of  the  engine  working  compound  is 
found  insufficient.  There  will  be  no  such  waste 
of  steam  from  lack  of  expansion  (see  Fig.  100) 
nor  such  serious  injury  to  the  fire  by  w^orking  the 
valves  full  gear  as  is  the  result  wdth  single-expan- 
sion engines.  Do  not  expect  to  find  the  best  run- 
ning position  of  the  reverse  lever  as  near  the  cen- 
ter of  the  quadrant  as  with  a  simple  engine.  The 
engine  will  do  better  work  with  the  lever  nearer 
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full  gear,  just  how  far  depending,  of  course,  on 
the  varying  conditions  of  train,  grade,  and  speed; 
but,  in  general,  do  not  cut  the  lever  back  too  far. 
The  engine  throttle  should  usually  be  run  as 
wide  open  as  possible,  but  judgment  must  be 
used  in  this  respect  according  to  the  existing  cir- 
cumstances. An  engine  designed  for  heavy 
freight  service  may  do  better  under  very  light 
work  or  in  passenger  service,  if  throttled. 

In  order  to  move  and  stop  engines  quickly 
when  desired,  as  for  engine-house  or  turn-table 
work,  how  is  it  advisable  that  compound  engines 
be  handled?  Their  valves  should  be  kept  in 
simple  or  starting  position  whenever  their  con- 
struction will  permit,  in  order  that  the  engines 
may  be  moved  with  the  least  necessary  opening 
of  the  throttle  and  that,  when  the  throttle  is 
closed,  the  pressure  remaining  in  the  pipes  will 
the  sooner  escape. 

In  starting,  why  are  compounds  more  likely  to 
slip  than  other  engines?  If  they  are  started 
working  simple,  their  power  temporarily  is  con- 
siderably greater  than  that  of  simple  engines  of 
the  same  weight,  hence  great  care  should  be 
exercised  by  the  engineer  to  avoid  slipping;  but 
at  any  rate  the  cylinder  cocks  should  be  left  open 
as  long  as  there  is  any  liability  of  water  being  in 
the  cylinders. 

Why  is  it,  that,  under  these  circumstances,  com- 
pound locomotives  frequently  slip  only  a  part  of 
a  turn  instead  of  spinning  around,  as  many 
simple  engines  will  do  unless  steam  is  immedi- 
ately shut  off?     Because,  while  they  are  more 
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powerful  at  slow  piston  speeds,  the  ports  used  for 
starting  are  generally  so  small  that  a  rapid 
movement  of  the  piston  will  so  greatly  reduce 
the  effective  pressure  on  the  piston  as  to  cause 
the  slipping  to  cease,  many  times  without  closing 
the  throttle. 

What  harm  results  from  frequent  slipping  for 
only  a  part  of  a  revolution  ?  This  will  occur  each 
time  at  that  part  of  the  stroke  where  the  turning 
power  is  the  greatest  and  finally  wear  the  tires 
out  of  round,  so  that  the  wheels  will  pound  badly 
at  high  speeds,  thus  causing  damage  to  the 
machinery  and  track  besides  making  the  engine 
ride  hard. 

Wherein  does  the  lubrication  of  their  cylinders 
differ  from  that  of  simple  engines?  Oil  need 
only  be  supplied  to  the  high-pressure  cylinder  or 
cylinders,  when  the  engine  is  working  compound. 
Hence  a  four-cylinder  compound  would  be  lubri- 
cated, as  usual,  oc  both  sides  of  the  engine,  but 
a  two-cylinder,  or  cross-compound,  would  require 
oil  only  in  the  one  high-pressure  cylinder  when 
working  in  compound  position.  In  this  latter 
class,  valve  oil  should  be  supplied  to  the  low- 
pressure  cylinder,  however,  when  the  engine  is 
starting  or  running  simple,  but  immediately  shut 
off  as  soon  as  the  change  is  made  to  compound 
working. 

What  are  apt  to  be  the  injurious  consequences 
of  feeding  oil  to  the  low-pressure  side  when  the 
engine  is  working  compound?  There  being  then 
no  supply  of  live  steam  through  the  reducing  and 
the  intercepting  valves,  the  oil  would  settle  there 
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and  gum  these  valves  so  as  to  cause  them  to 
stick  and,  possibly,  become  inoperative. 

When  is  it  advisable  to  v^ork  the  compound  as 
a  simple  engine?  In  starting  very  heavy  trains, 
and  also  on  heavy  grades  when  it  is  seen  that 
the  power  as  a  compound  with  the  valve  in  full 
gear  is  insufficient. 

When  the  engine  can  be  run  simple  for  any 
period  at  the  will  of  the  engineer,  above  what 
speed  is  it  impracticable  to  do  so?  Above  a 
speed  exceeding  six  or  eight  miles  an  hour. 

What  is  the  reason  for  this?  Because,  as  out- 
lined elsewhere,  the  special  ports  for  use  when 
the  compound  locomotive  is  working  simple  are 
usually  purposely  designed  too  small  to  permit 
of  much  speed. 

If  special  valves  for  use  when  the  engine  is 
drifting  are  not  provided,  what  is  it  advisable  to 
do  ?  Work  a  little  steam  all  the  time  in  order  to 
keep  the  large  valves  and  pistons  somewhat  lub- 
ricated. 

Why  is  it  more  difficult  to  detect  leaky  valves 
and  cylinder  packing  in  compound  than  in  simple 
engines?  In  the  first  place  it  does  not  so 
seriously  affect  the  good  working  of  the  engine, 
and,  in  the  second  place,  because  the  high-pressure 
cylinder  does  not  exhaust  to  the  atmosphere 
where  a  blow  could  be  heard,  and  also  the 
pressure  behind  the  low-pressure  piston  is  very 
much  lower  than  with  a  simple  engine  and,  con- 
sequently, a  blow  does  not  sound  as  loud. 

What  general  rule  will  apply  to  compound  as 
well  as  simple  locomotives  where  one  side  has  to 
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be  disconnected  in  cases  of  accident?  On  the 
disabled  side,  always  block  securely  at  both  ends 
of  the  crosshead  and  firmly  secure  the  valve,  under 
all  ordinary  circumstances,  in  the  center  of  its 
seat? 

What  is  usually  the  cut-off  in  the  high-pres- 
sure cylinder  with  the  reverse  lever  hooked  up? 
Some  builders  cut  no  notches  higher  up  in  the 
quadrant  than  would  give  a  cut-off  at  one-half 
stroke,  while  others  notch  the  quadrant  all  the 
way  up  to  the  center. 

Why  is  it  not  necessary  to  have  notches  in  the 
quadrant  for  shorter  cut-off  than  one-half?  A 
shorter  cut-off  than  one-half  for  a  compound  loco- 
motive is  generally  inadvisable  for  reasons  anal- 
agous  to  those  hereinbefore  urged  against  a  shorter 
cut-off  than  one-fourth  for  a  simple  locomotive; 
also  it  ]3revents  damage  that  might  ensue  from 
excessive  compression.  With  a  ratio  of  2  to  1  be- 
tween the  sizes  of  the  low  and  the  high-pressure  cyl- 
inders, one-half  cut-off  gives  practically  four  ex- 
pansions, a  three-fourths  cut-off  gives  two  and  two- 
thirds  expansions;  with  a  cylinder  ratio  of  3  to 
1,  one-half  cut-off  gives  about  six,  and  three- 
fourths  cut-off  about  four  expansions.  Fig.  100 
clearly  shows,  that,  while  the  most  economical 
cut-off  (as  far  as  the  amount  of  steam  used  is 
concerned)  is  about  one-quarter  of  the  stroke  for 
single-expansion  engines,  it  is  about  one-half 
stroke  for  compounds.  Lighter  work  than  is 
produced  by  full  throttle  and  one-half  cut-off  in 
the  high-pressure  cylinder  can  best  be  obtained 
by  throttling  the  engine. 

13  vol  13 
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In  what  way  does  the  use  of  a  separate  exhaust 
valve  give  greater  power  to  the  two-cylinder  com- 
pound at  slow  speeds?  Assuming  200  pounds 
boiler  pressure  and  a  cylinder  ratio  of  2^  to 
1,  the  high-pressure  exhaust  reaches  about  57 
pounds  when  the  engine  is  working  compound. 
This  pressure  is  the  receiver  pressure  and  becomes 
the  initial  pressure  (at  slow  speeds)  in  the  low- 
pressure  cylinder.  When  working  simple,  the 
reducing  valve  permits  about  80  pounds  of  live 
steam  to  pass  into  the  low-pressure  cylinder,  thus 
considerably  increasing  the  power  in  that  cylin- 
der. The  high-pressure  piston  also  exerts  an 
equally  increased  power  when  working  simple, 
as  the  back  pressure  of  57  pounds  is  removed  by 
the  separate  exhaust  valve. 

THE  BALDWIN  FOUR-CYLINDER  COMPOUND. 

The  builders  of  the  "Vauclain"  four-cylinder 
compound  locomotives  claim  a  design  productive 
of  the  greatest  efficiency  with  the  utmost  sim- 
plicity of  parts  and  the  least  possible  deviation 
from  existing  practice;  that  they  also  develop 
equal  power  on  each  side  of  the  locomotive, 
thereby  preventing  the  racking  of  the  machinery 
resulting  from  an  unequal  distribution  of  power; 
and  that,  in  their  method  of  handling  by  the 
engineer,  there  is  but  slight  departure  from  that 
of  single-expansion  or  non-compound  locomo- 
tives. They  may  be  started,  and  run  for  any  de- 
sired length  of  time,  either  simple  or  compound, 
at  the  will  of  the  engineer,  and  can  be  changed 
from  the  one  to  the  other  at  his  discretion  by  the 
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movement  of  a  small  lever  in  the  cab  which  also 
operates  the  cylinder  cocks. 

The  principal  featm^es  of  construction  are  as 
follows: 

The  cylinders  consist  of  one  high-pressure  and 
one  low-pressure  cylinder  for  each  side,  the  ratio 
of  their  volumes  being  as  nearly  3  to  1  as  the 
employment  of  convenient  measurements  will 
allow.  They  are  cast  in  one  piece  with  the  cylin- 
drical valve  chamber  and  the  saddle,  the  cylin- 
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ders  being  placed  one  directly  above  the  other 
and  as  close  together  as  they  can  be  with  ade- 
quate walls  between  them.  Figs.  113  and  114 
show  the  proximity  of  the  two  cylinders,  while 
in  Fig.  115,  which  shows  the  arrangement  of  the 
cylinders  in  relation  to  the  valve,  the  actual  con- 
struction is  distorted  for  illustrative  purposes. 

The  valve  used  to  distribute  the  steam  to  the 
cylinders  is  of  the  piston  type,  working  in  a  cyl- 
indrical steam   chest  located   in  the   saddle   of 


188 


ENGINEERS'  AND  FIREMEN'S  MANUAL. 


the  cylinder  casting  as  close  to  the  cylinders  as 
possible  and  between  them  and  the  smoke-box, 
as  shown  in  the  figures.  This  chest,  having 
steam  passages  cast  larger  than  required,  is 
bored  out  enough  larger  than  the  diameter  of 
the  piston  valve  to  permit  the  use  of  a  hard  cast 
iron  bushing.  Fig.  122  shows  this  bushing  and 
one  method  of  forcing  it  into  place  so  that  steam 
tight  joints  will  be  had  between  all  ports;  it 
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also  shows  the  narrow  bridges  across  the  steam 
ports  which  prevent  the  eight  packing  rings  of 
the  valve  (shown  in  Fig.  116)  from  entering  the 
ports.  These  cast  iron  packing  rings  form  the 
edges  of  the  valve. 

The  valve  is  of  the  piston  type — double,  and 
hollow  between  the  two  inside  pistons — but  hav- 
ing two  solid  ends,  as  shown  by  Fig.  116,  and 
controls  the  admission  and  exhaust  of  both  cylin- 
ders.    The  exhaust  steam  from  the  high-pressure 
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cylinder  becomes  the  supply  steam  for  the  low- 
pressm-e  cylinder  and  is  transmitted  from  one 
side  of  the^igh-pressure  cylinder  to  the  opposite 


side  of  the  low-pressure  cylinder  through  the  hol- 
low portion  of  the  valve,  as  indicated  by  arrows, 
Fio-  1 1 5      The  supply  steam  for  the  high-pressure 
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cylinder  enters  the  steam  chest  at  both  ends, 
thus  balancing  the  valve  with  the  exception  of 
the  area  of  the  valve-stem  at  the  back  end. 

The  more  common  slide  valve  action  being  so 
much  better  understood  by  the  average  railroad 
man  than  the  piston  valve,  I  will  liken  this  four- 
piston  valve  to  one  slide  valve  within  another 
having  external  admission  and  internal  exhaust  in 
both  cases.     Thus  it  will  be  seen  that  the  outside 
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edges  of  the  two  outer  pistons  govern  admission 
and  their  inside  edges  the  exhaust  of  high-pres- 
sure cylinder,  while  the  two  inner  pistons  simi- 
larly regulate  the  flow  of  steam  to  and  from  the 
low-pressure  cylinder,  all  of  which  will  be  evident 
by  a  reference  to  the  arrows  in  Fig.  115. 

Where  the  front  rails  of  the  frame  are  single 
bars,  the  high-pressure  cylinder  is  usually  put  on 
top,  as  shown  in  Fig.  113,  and  in  that  event,  with 
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the  usual  rocker-arm,  indirect  valve  motion  is 
used."^  When  the  low-pressure  cj'linder  is  put 
above  (Fig.  114)  on  account  of  the  double  front 
rails  of  the  frame,  they  also  prevent  the  use  of 
the  rocker-shaft  and  box  and  the  valve  motion  is 
then  termed  direct-acting,  which  necessitates  a 
different  location  of  the  eccentrics  on  the  axle.* 

Engineers  and  those  employed  in  shops  and 
round-houses  for  setting  valves  and  eccentrics 
should  thoroughly  understand  the  difference  be- 
tween the  position  of  the  eccentrics  with  relation 
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to  the  crank-pins  for  direct  and  indirect  valve 
motion,  as  given  fully  elsewhere  in  the  Manual, 
and  further  brought  out  in  the  Catechism  on 
Accidents  to  Baldwin  Four-Cylinder  Compounds 
hereinafter  contained. 

The  style  of  crosshead  is  shown  in  Fig.  117. 
It  is  made  of  cast  steel,  to  insure  the  greatest 
strength  with  a  minimum  weight,  the  w^earing 
surface  being  lined  with  tin.     The  piston,  shown 

*Direct  and  indirect  valve  motion  will  be  found  fully  illus- 
trated and  explained  in  the  earlier  chapters  of  the  Manual. 
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in  Fig.  118,  is  also  preferably  made  with  cast 
steel  heads,  the  object  in  both  cases  being  to  re- 
duce the  weight  of  the  reciprocating  parts  to  a 
minimum. 

It  is  obvious,  that,  in  starting  these  locomotives 
from  a  state  of  rest  with  heavy  trains,  it  is  neces- 
sary to  obtain  a  greater  power  than  that  exerted 
by  the  high-pressure  piston  alone,  for  there  would 


be  no  pressure  on  the  low-pressure  piston  until 
the  high-pressure  cylinder  had  made  one  exhaust; 
hence  it  is  necessary  to  admit  steam  to  the  low- 
pressure  as  well  as  the  high-pressure  cylinders. 
This  is  accomplished  by  the  use  of  the  starting 
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valve  (Fig.  119).*  This  is  simply  a  plug-cock 
which  is  opened  by  the  engineer  by  means  of 
suitable  levers  from  the  cab,  to  admit  steam  from 
one  end  of  the  high-pressure  cylinder  to  the  other, 
and  thence,  as  if  it  were  the  ordinary  high-pres- 
sure exhaust,  into  the  low-pressure  cylinder.  This 
same  valve  acts  as  a  cylinder  cock  for  both  ends 
of  the  high-pressure  cylinder  and  is  operated  by 
the  same  lever  that  actuates  the  ordinary  cylin- 
der cocks,  which  are  in  this  case  on  the  low-pressure 
cylinder,  thus  making,  probably,  the  most  simple 
starting  device  used  on  any  compound  locomotive 
and  one  not  easily  deranged.  The  operation  of 
the  starting  valve  in  conjunction  with  the  cylin- 
der cocks  is  clearly  shown  in  Fig.  120.  The 
starting  valve  should  be  kept  closed  (position  N) 
as  much  as  possible,  as  its  indiscriminate  use 
reduces  the  economy  and  makes  the  locomotive 
"logy."t 

Air  valves,  to  prevent  a  vacuum,  are  placed  in 
the  steam  passages  of  the  high-pressure  cylinder, 


*This  is  sometimes  called  the  "B^^-Pass"  valve,  as  it  connects 
the  two  sides  of  the  high-pressure  piston,  but  for  an  entirely  dif- 
ferent purpose  than  that  to  which  the  bj^-pass  valves  are  put  in 
connection  with  the  low-pressure  cylinder  as  described  herein- 
after under  the  Richmond  and  the  Rogers  compound,  and  for  that 
reason  I  have  not  called  it  a  "by-pass"  valve.  Two  earlier 
forms  of  starting  valves  have  been  used  with  Vauclain  com- 
pounds, but,  inasmuch  as  they  have  been  superseded  by  this  form 
of  valve,  it  is  not  deemed  necessary  to  illustrate  and  describe 
them  herein. 

fAn  engine  which  should  be  capable  of  high  speed  but  is  not, 
and  in  which  the  pressures  work  against  themselves  in  the  cyl- 
inders, is  said  to  be  "logy."' 
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a  practice  now  generally  followed  on  all  locomo- 
tives, either  simple  or  compound.  Additional  air 
valves,  marked  C  and  C  in  Fig.  120,  are  placed 
in  connection  with  the  ports  in  the  valve  cham- 
ber leading  to  the  low-pressure  cylinders.  Air 
valves  of  somewhat  different  shape  have  been 
described  and  shown  in  detail  heretofore  in  the 
Manual. 

Water  relief  valves  WW,  Figs.  120  and  121, 
which  are  nothing  more  nor  less  than  pop  valves, 
are  applied  to  the  low-pressure  cylinders  and  at- 
tached to  the  front  and  back  cylinder  heads  to  re- 
lieve excessive  pressure  of  any  kind,  steam  or 
water.  The  spring  in  the  water  relief  valves  on 
these  engines  is  made  to  carry  a  pressure  enough 
greater  than  the  boiler  pressure  to  prevent  their 
discharging  steam  and  water  ordinarily  in  start- 
ing the  engine  simple. 

In  all  other  respects  the  locomotive  is  the  same 
as  the  ordinary  single  expansion  locomotive. 

Operation  of  the  Baldichi  Four-Cylinder  Com- 
pound.— When  starting  the  locomotive,  the  engi- 
neer should,  ordinarily,  pull  the  cylinder  cock 
lever  way  back  and  thus  open  the  cylinder  cocks 
in  order  to  relieve  the  cylinders  of  condensation, 
and,  as  the  starting  valve  is  opened  by  the  same 
movement,  steam  is  thus  admitted  to  the  low- 
pressure  cylinder  and  the  locomotive  started 
quickly  and  freely. 

In  case  the  locomotive  is  at  a  platform  of  a 
crowded  station,  or  in  any  other  place  where  it  is 
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undesirable  to  open  the  cj^linder  cocks,  the  en- 
gineer should  move  the  starting  lever  in  the 
opposite  direction  from   that   usually  given  it, 

TigJZO. 


placing  the  starting  valve  handle  in  position  J, 
Figs.  119  and  120;  that  is,  heshould  pushforward 
the  lever  in  the  cab,  thus  allowing  steam  to  pass 
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through  the  starting  valve  without  opening  either 
the  low-pressure  cylinder  cocks  or  the  drip  C  of 
the  starting  valves.  By  further  reference  to  Fig. 
119,  it  will  be  seen  how%  when  the  handle  is  in  po- 
sition K,  ports  A,  B,  and  drip  C  are  all  connected 
by  the  ports  a,  b,  and  c  of  the  plug;  but  if  the  handle 
is  in  the  opposite  position  J,  ports  ^  and  B  only 
are  connected,  as  b  is  now  at  a  and  c  is  opposite 
B;  in  its  central  position  N  (normal  position  for 
compound  working),  it  will  be  seen  that  all  ports 
are  closed  as  in  the  figure. 


After  a  few  revolutions  have  been  made  and 
the  cylinders  are  free  from  water  caused  by  con- 
densation or  priming,  the  engineer  should  move 
the  cylinder  cock  lever  into  the  central  position,  A^, 
causing  the  engine  to  work  compound  entirely. 
This  should  be  done  before  the  reverse  lever  is 
disturbed  from  its  full  gear  position. 

Ordinarily,  the  reverse  lever  should  not  be 
"hooked  up,"  thereby   shortening  the  travel  of 
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the  valve,  until  after  the  cylinder  cock  lever  has 
been  placed  in  its  central  position,  but  it  is  often 
necessary  to  open  the  cylinder  cocks  when  at 
full  speed  to  allow  water  caused  by  priming  or 
foaming  to  escape  from  the  cylinders,  and  in  such 
cases  no  disadvantage  is  experienced,  and  the 
reverse  lever  need  not  be  disturbed. 

The  starting  device  is  simply  designed  for 
use  in  the  starting  of  the  train  and  should  not  be 
used  at  any  other  time  unless  there  is  imminent 
danger  of  stalling  and  the  lever  has  been  previ- 
ously  dropped  to  full   gear.     In  other  respects, 


Tif/JZ2. 


aside  from  these  here  noted,  the  rules  governing 
the  operation  of  compound  locomotives  in  gen- 
eral should  be  clearly  understood  by  any  engineer 
w^ho  is  liable  to  be  called  upon  to  run  a  compound 
locomotive  of  this  or  other  design. 

REPAIRS. 

The   builders   of    the   Vauclain   four-cylinder 
compound    claim   an    advantage  in   it  over  the 
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two-cylinder  or  "  cross-compound  "  locomotive 
in  simplicity  of  parts,  there  being  no  intercept- 
ing valve,*  and  a  similarity  to  all  the  parts  of  a 
single-expansion  locomotive.  Thus  its  repairs 
will  be  similar  to  those  of  simple  locomotives. 
To  carry  out  this  simplicity  of  parts,  the  piston 
rods  of  the  high  and  low-pressure  cylinders  are 
of  the  same  diameter  and  designed  strong  enough 
to  withstand  the  severest  strains  of  service. 

The  packing  rings  in  the  valves  are  easily 
replaced  and  the  valve  chest  bushing  can  be 
cheaply  and  easily  renewed.  In  extracting  old 
bushings  it  is  best  to  split  them  between  the 
ports  with  a  narrow  chisel.  The  new  bushings 
can  be  pressed  in  by  some  such  handy  device  as 
that  shown  in  Fig.  122. 

Acciden ts  to Ba Jdw in  Four- Cylin der  ( '^ Vauclain^ ' ) 
Compounds. — For  all  ordinary  accidents,  such  as 
broken  main  rod  or  pin,  or  a  broken  valve  stem, 
what  should  be  done?  The  same  as  for  non- 
compound  or  simple  locomotives,  as  described 
fully  in  the  earlier  cha-^ters  of  the  Manual. 

With  a  low-pressure  cylinder  head  knocked 
out,  w^ould  it  be  necessary  to  disconnect  that 
side  ?     Not  for  a  short  distance. 

In  that  event,  how  many  exhausts  would  there 
be  during  one  revolution  ?     There  would  be  three 


*The  intercepting  valve  is  the  valve  which  prevents  the  live 
steam  which  is  admitted  from  the  boiler  to  the  low-pressure  cyl- 
inder at  certain  times,  from  passing  through  the  receiver  to  the 
high-pressure  cylinder  where  it  would  produce  back  pressure  on 
the  piston. 
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in  the  stack  and  one  through  the  open  cylinder 
head  and  the  latter  exhaust  might  obstruct  the 
engineer's  view,  if  on  his  side,  and  render  the 
procedure  inadvisable. 

AVith  the  Vauclain  Compound,  at  what  posi- 
tion of  the  reverse  lever  is  work  of  the  two 
cylinders  most  nearly  equalized  ?  At  a  cut-off 
of  about  one-half  the  stroke  in  the  high-pressure 
cylinder. 

When  is  the  w^ork  most  unequal  and  the 
strains  on  the  crosshead  consequently  the  great- 
est ?  In  starting  with  the  engine  working  sim- 
ple, as  then  the  high-pressure  piston  is  nearly 
balanced  by  live  steam  on  both  sides  and  the 
low-pressure  cylinder  obtains  approximately  boiler 
pressure. 

What  results  w^ould  be  likely  should  the  rig- 
ging of  the  cylinder  cocks  and  starting  valve 
become  bent  or  disconnected  ?  Should  one  staii:- 
ing  valve  fail  to  properly  close,  the  exhausts 
would  be  of  unequal  intensity.  If  one  of  them 
failed  to  open  when  required  in  starting,  the 
engine  would  be  weak  on  that  side  as  it  would 
have  to  start  compound,  that  is  with  steam  for  the 
first  stroke  in  the  small  high-pressure  cylinder 
only. 

In  this  latter  event,  w^hen  would  the  first 
exhaust  from  that  side  take  place  ?  Not  until 
the  completion  of  the  return  stroke. 

If  the  cylinder  cocks  open  and  close  with  the 
same  rigging  as  the  by-pass  valve,  why  would  not 
the  engineer  know  thereby  that  the  by-pass  valve 
was   in   position   desired  ?     From   the   previous 
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description  of  this  riggins^,  shown  in  Figs.  119 
and  120,  it  should  be  remembered  that  the  cab 
lever  pushed  clear  ahead  opens  the  by-pass  valve, 
but  not  its  drip  nor  the  cylinder  cocks. 

Before  altering  the  valve  motion,  what  else 
should  be  examined  if  the  exhausts  were  of  un- 
equal intensity  ?  Examine  for  broken  packing 
rings  in  the  piston  valve  or  the  low-pressure 
cylinder.* 

In  case  a  valve-stem  broke  off  inside  the  chest 
or  the  valve  itself  broke,  would  it  be  certain  of 
discovery  at  once,  as  with  an  ordinary  slide  valve  ? 
Possibly  it  w^ould  not.  Instances  have  been  cited 
where  compound  locomotives  of  this  system  have 
hauled  passenger  trains  long  distances  with  bro- 
ken valve-stems  and  broken  valves.  The  two 
ends  of  the  valve  being  unbalanced  by  the  area 
of  the  valve-stem  (see  Figs.  115  and  116)  accounts 
for  the  first  possibility,  while  live  steam  from  the 
induction  ports  acting  on  each  end  of  the  valve 
would  explain  the  case  of  an  undetected  broken 
valve. 

How  can  it  be  found  if  the  cylinder  packing 
in  the  high-pressure  cylinder  is  blowing?  Put 
the  engine  on  the  quarter,  block  the  wheels,  and 
test  as  usual  for  leaky  slide  valve;  then,  with  the 
starting  valve  closed  (in  compound  position)  and 
the  low-pressure  cylinder  cocks  blocked  open, 

*A  case  is  cited  by  the  builders  where  an  engineer  ran  his 
locomotive  two  days  without  any  pi.ston  head  at  all  in  one  of  the 
high-pressure  cylinders,  and  even  then  could  not  tell  what  was 
the  matter  except  that  the  intensity  of  the  exhausts  were  unequal 
and  the  engine  did  not  make  good  time.  Machinists  put  to  work 
to  locate  the  trouble,  found  it  to  the  great  surprise  of  the  engineer. 
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drop  the  reverse  lever  into  full  gear.  Steam 
passing  the  high-pressure  piston  will  appear  at 
the  open  cylinder  cock  of  the  low-pressure  cyl- 
inder, but  at  the  opposite  end  that  would  be 
expected  with  a  simple  engine. 

How  can  it  be  found  if  the  packing  in  the  low- 
pressure  cylinder  is  blowing  ?  Put  the  engine 
on  the  quarter  and  open  the  starting  valve  and 
cylinder  cocks  and  look  for  any  escape  of  steam 
from  the  low-pressure  cylinder  cock  on  the  end 
that  should  be  in  exhaust,  as  with  a  simple  engine. 

^//?£cr  rfiLy£  Mor/o/r 


Jz^.  /23. 

With  the  four-cylinder  type,  where  the  large 
low-pressure  cylinder  is  placed  on  top,  as  in  Fig. 
114,  and  direct  valve  motion  is  employed,  how 
should  the  eccentric  rods  on  one  side  stand  with 
the  same  side  of  the  engine  on  the  forward  cen- 
ter ?  They  should  be  crossed,  as  shown  in  skel- 
eton Fig.  123.  A  slipped  eccentric  should  be 
set  the  same  as  for  similar  valve  motion  on  a 
simple  engine,  as  fully  described  heretofore  in  the 
Manual  under  "Third  Examination  of  Firemen." 

14  vol  13 
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THE    BALDWIN    TWO-CYLINDER    COMPOUND. 

The  original  Baldwin  two-cylinder  compound, 
built  in  the  year  1892,  was  of  the  cross-compound 
receiver  type  and,  after  the  first  stroke  or  two, 


or  as  soon  as  the  receiver  had  attained  a  pressure 
of  100  lbs.,  the  engine  automatically  changed  to 
compound  and  could  not  be  operated  otherwise. 
It  belonged,  therefore,  to  the  automatic  class  of 
compounds.     The  reducing  and  the  starting  valve 
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then  employed  were  changed  materially  in  the 
later  design  of  the  two-cylinder  comx)ound  here- 
with illustrated  and  described. 

Their  later  two-cylinder  compound  locomo- 
tives belong  to  the  class  of  convertible  com- 
pounds, as  they  can  be  operated  either  simple  or 
compound  for  any  length  of  time  by  the  move- 
ment of  a  small  valve  in  the  cab,  as  shown  by 
Fig.  128. 

Fig.  124  shows  a  front  view,  giving  the  gen- 
eral arrangement  of  cylinders,  steam,  exhaust  and 
receiver  pipes  in  the  front  end,  and  the  location 
of  the  intercepting  and  reducing  valve  in  the 
saddle  of  the  high-pressure  cylinder.  The  low- 
pressure  cylinder  derives  all  its  pressure  from  the 
receiver  when  running  compound,  as  is  usual  in 
two-cylinder  compounds. 

The  office  of  the  intercepting  valve  is  two-fold. 
It  acts  as  an  intercepting  valve  by  opening  and 
closing  communication  between  the  two  cylin- 
ders, and  also  as  a  separate  exhaust  valve,  by  con- 
necting the  low-pressure  cylinder  with  the  exhaust 
to  the  stack.  This  it  does  by  diverting  the  ex- 
haust from  the  high-pressure  cylinder  either  into 
the  atmosphere,  when  working  single-expansion, 
or  into  the  receiver,  when  working  compound, 
and  is  operated  at  the  will  of  the  engineer. 

The  office  of  the  reducing  valve  is  to  admit 
live  steam  at  a  reduced  pressure  into  the  receiver 
and  thence  to  the  low-pressure  cylinder,  when 
the  engine  is  working  single-expansion,  and  also 
to  close  simultaneously  with  the  changing  of  the 
intercepting  valve  to  the  position  w^hich  causes 


204 


ENGINEERS'  ,iND  FIREMENS  MANUjiL. 


the  engine  to  work  compound,  so  that  the  receiver 
will  obtain  no  live  steam  from  boiler  when  taking 
the  exhaust  from  high-pressure  cylinder.  The 
performance  of  the  first  above-mentioned  func- 
tion— that  of  reducing  the  pressure  of  live  steam 
delivered  to  the  receiver — is  necessary  in  order 
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that  the  total  pressure  on  the  large  low-pressure 
piston  shall  not  be  greater  than  that  on  the  high- 
pressure  piston,  and  thus  the  low-pressure  side 
kept  from  jerking  the  train  and  producing  unequal 
strains  on  the  two  sides  of  the  locomotive  when 
working  as  a  simple  engine. 
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Operation  of  the  interceptinrj  and  reduction 
valves. — In  Figs.  125  and  126  the  intercepting 
valve  is  marked  A  and  the  reducing  valve  C. 
It  will  be  seen  that  they  are  both  cylindrical  in 


Valve  in  Cah 
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form,  are  placed  in  bushings  having  suitable  ports, 
and  that  coil  springs  hold  them  in  their  normal 
positions  when  no  x)ressure  is  acting  against  them 
to  overcome  these  springs. 
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In  the  cab  of  the  locomotive  is  placed  an  oper- 
ating valve,  shown  in  Figs.  127  and  128,  having 
two  positions,  marked  ''simple"  and  "compound." 
Through  this  operating  valve  a  pressure  of  air  or 
live  steam  is  admitted  to  one  side  of  the  reducing 
and  the  intercepting  valves  through  two  pipes 
marked  DD,  and,  acting  against  the  right  end  of 
valve  A  and  against  the  left  end  of  valve  C,  moves 
both  from  their  normal  positions  shown  in  Fig. 
125  to  those  of  Fig  126. 

The  reducing  valve  C,  when  it  is  not  closed 
permanently  by  live  steam  from  the  operating 
pipe  D,  is  automatically  closed  when  the  pressure 
in  the  receiver  B  is  great  enough  to  produce  as 
much  xDOwer  in  the  large  low-pressure  cylinder  as 
is  obtained  in  the  smaller  high-pressure  cylinder. 
For  this  purpose  steam  from  the  receiver  B  can 
pass  through  a  port  E,  raising  the  poppet  valve  F 
(which  remains  open  as  long  as  the  engine  is  not 
working  compound)  and  bears  upon  the  larger 
end  of  the  reducing  valve  C,  causing  it  to  move  to 
the  right  and  close  the  live  steam  passage  H 
(shown  in  Fig.  125)  leading  to  the  receiver  B, 
w^henever  the  receiver  pressure  becomes  excessive. 
Thus  it  will  be  seen  that  w^hen  the  engine  is  work- 
ing simple  there  must  be  a  close  balance  between 
the  left-hand  larger  end  of  the  reducing  valve, 
being  acted  upon  by  receiver  pressure,  and  the 
right-hand  smaller  end  of  the  reducing  valve, 
being  acted  upon  by  live  steam  from  the  main 
steam  pipe  S.  In  this  way  is  the  receiver  pressure 
kept  as  much  lower  than  the  boiler  pressure  as 
the  large  end  of  the  reducing  valve  is  greater  than 
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the  small  end.  This  proportion  is  relative  to  the 
respective  sizes  of  the  high  and  the  low-pressure 
cylinders  and  hence  equal  cylinder  power  will  be 
given  both  sides  of  the  engine  in  working  simple. 
When  the  engine  is  standing,  the  lever  of  the 
small  operating  valve,  Figs.  127  and  128,  in  the 
cab  should  be  placed  at  position  marked  "simple," 
and  the  valves  are  then  in  position  for  the  engine 
to  work  as  a  single-expansion  locomotive,  as  the 

steam  pressure  is  relieved 
through  this  cab  valve  from 
the  large  end  of  the  reducing 
valve  and  the  right-hand  end 
of  the  intercepting  valve,  al- 
lowing these  valves  to  as- 
sume (by  the  action  of  their 
springs  )their  respective  posi- 
itions  shown  in  Fig.  125.  The 
arrows  in  this  figure  illus- 
trate clearly  how  the  steam 
can  pass  from  the  high-pres- 
sure exhaust  through  the 
ope,a&^iQir.  intercepting  valve  A  to  the 

^/c^^.-^j'^^c^^c^e^cc^^^^.u^.  independent  exhaust  i^  lead- 
ing to  the  stack  (see  dotted  lines  and  arrows).  At 
the  same  time  the  passage  of  live  steam  to  the  re- 
ceiver— from  which  the  low-pressure  cylinder 
receives  its  supply — takes  place  through  ports  7/, 
as  shown  by  other  arrows.  The  receiver  pressure 
is  governed  by  the  automatic  action  of  the  reduc- 
ing valve,  as  previously  explained. 

Thus  the  engine  can  be  used  as  a  single-expan- 
sion locomotive  in  making  up  and  starting  trains, 
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and  then,  at  the  will  of  the  engineer,  the  operat- 
ing valve,  Figs.  127  and  128,  in  the  cab  can  be 
moved  to  the  position  marked  "compound."  This 
will  admit  live  steam  through  the  two  supply 
pipes  D,  thence  to  the  cylinders  marked  TTand 
C\  Fig.  126,  changing  the  intercepting  and  the 
reducing  valves  quickly,  and,  as  the  ports  are 
small,  noiselessly,  to  the  position  shown  in  the 
latter  figure.  With  the  intercepting  valve  in  this 
position  it  will  be  seen  that  the  independent  ex- 
haust B  is  closed  and  steam  from  the  high-pressure 
exhaust  must  follow  the  course  of  the  arrows  to 
the  receiver,  passing  around  the  small  reduc- 
ing valve  bushing  and  its  valve  C  which  is  kept 
closed  by  the  live  steam  from  pipe  D. 

At  any  time  the  engineer  may  desire  to  in- 
crease the  power  of  the  engine  as,  for  instance, 
when  in  danger  of  stalling,  by  moving  the  lever 
of  the  operating  valve  in  the  cab  to  position 
marked  "simple "the  engine  is  again  changed 
at  once  to  a  single-expansion  locomotive. 

Accidents  to  Baldwin  Tivo-Cijlinder  Compounds. 
— With  one  side  disabled,  what  should  be  done  in 
order  to  safely  run  the  engine  in  ?  Disconnect 
the  disabled  side,  as  advised  for  simple  engines, 
place  the  intercepting  valve  in  position  for  work- 
ing -simple  so  as  to  open  the  separate  exhaust 
port,  and  run  in  with  one  side. 

Should  the  small  pipes  BB  leading  to  the  reduc- 
ing valve  C  and  the  intercepting  valve  piston  be 
broken  off,  how  could  the  engine  be  worked  ? 
With  single-expansion  only,  unless  the  back  head 
of  the  separate  exhaust  chamber  TFwere  removed 
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and  the  piston  blocked  in  the  position  shown  in 
Fig.  126;  then  the  engine  would  become  an  auto- 
matic compound,  that  is,  v/ould  start  simple  but 
automatical!}^  go  to  compound  after  a  revolution 
or  so. 

What  would  it  be  advisable  to  do  in  case  of  a 
broken  reducing  valve?  Use  very  light  throttle  at 
slow  speeds,  or  run  with  a  reduced  boiler  pressure. 

Should  the  small  valves  F  and  G  be  frequently 
inspected  and  cleaned?  Yes.  These  valves  and  the 
reducing  and  the  intercepting  v^alves  become 
gummed  by  the  injudicious  use  of  cylinder  oil  on 
the  low-pressure  side. 

THE    SCHENECTADY    COMPOUND. 

Locomotives  built  by  the  Schenectady  Loco- 
motive Works  are  oftentimes  styled  by  the  older 
railway  men  as  ''McQueen"  engines,  although 
the  name  of  the  builders  has  been  as  at  present 
for  many  years. 

These  builders  have  constructed  many  com- 
pound locomotives,  and,  including  the  original 
valve  design,  have  employed  three  styles  of  com- 
pound mechanisms,  but  all  engines  built  have 
been  of  the  two-cylinder  variety  of  compounds. 

Original  Schenectadi/  Type. — The  original  design 
by  their  then  superintendent,  Mr.  A.  J.  Pitkin, 
consisted  of  an  intercepting  valve  and  a  reducing 
valve.  The  stem  of  the  intercepting  valve  was 
connected  by  levers  to  an  index  in  the  cab,  which 
showed  its  position  to  the  engineer.  These  engines 
belonged  to  the  class  of  automatic  compounds. 
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In  starting  the  engine,  a  small  pipe  from  the 
boiler  through  a  reducing  valve  supj)lied  steam 
to  the  low-pressure  cylinder  at  a  reduced  pressure. 
When  the  receiver  had  accumulated  sufficient 
pressure  by  the  exhaust  into  it  from  the  high- 
pressure  cylinder,  the  intercepting  valve  would 
automatically  be  thrown  to  its  normal  position 
for  working  compound;  then  the  supply  of  live 
steam  to  the  low-pressure  cylinder  was  cut  off 
and  the  receiver  pressure  admitted,  and  thus  the 
3ngine  w^orked  compound. 

The  following  modification  of  this  valve  ar- 
rangement was  afterwards  made  by  Mr.  Pitkin 
and  applied  to  many  locomotives  by  the  Schenec- 
tady Locomotive  Works. 

Design  of  189 2. — With  this  construction  of 
1892,  the  opening  of  the  throttle  admits  live 
steam  at  the  same  time  to  both  the  high  and 
the  low-pressure  cylinders,  closes  the  intercepting 
valve  and  allows  the  engine  to  start  with  its 
full  power  as  a  simple  engine.  After  a  few 
strokes  the  receiver  pressure  automatically  opens 
the  intercepting  valve  and  cuts  off  the  passage 
of  live  steam  to  the  low-pressure  cylinder  and 
the  engine  works  com]30und.  The  special  valves 
are  located  in  and  behind  the  saddle  on  the  low- 
pressure  side  and  are  operated  automatically  and 
beyond  the  will  of  the  engineer.  Fig.  129  shows 
the  general  appearance  of  that  portion  of  the 
intercepting  valve  projecting  back  of  the  saddle; 
Figs.  130  and  131  show  the  valves  and  pistons 
removed  from  their  encasing  chambers.  Upon 
opening  the  throttle,  a  small  connection  from  the 
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steam  pipe  admits  live  steam  through  suitable 

valves  to  an  actuating  piston,  the  movement  of 

v^hich    opens   a   X30ppet   valve,    supi:)lying    live 

steam  to  the  low-pressure  cylinder,  and  also  places 

the  intercepting  valve  so  as  to  close  connection 

between  the  receiver  and  the  low-pressure  steam 

/ 

THE   INTERCEPTIMG  VALVE. 
^CHEN£CTADy-0£S/G(VOF  1892 


chest.  Thus  the  low-pressure  cylinder  exhausts 
to  the  atmosphere  and  the  high-pressure  cylinder 
into  a  closed  receiver.  Sufficient  pressure  will 
accumulate  in  the  receiver  after  a  few  strokes  to 
move  the  small  valves,  thereby  moving  the  actua- 
ting piston  and  with  it  the  intercepting  valve,  to 
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such  position  as  will  close  off  live  steam  to  the 
low-pressure  cylinder,  and  instead  admit  the 
receiver  pressure,  thus  working  the  engine  com- 
pound. 

For  the  benefit  of  those  interested  in  the  de- 
tails of  this  device,  a  more  thorough  description 
of  the  accompanying  figures  follows: 


The  front  view^  Fig.  132,  shows  the  general 
arrangement  of  cylinders,  steam  passages,  and 
the  intercepting  valve.     Figs.  133  and  134  both 
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show  the  same  horizontal  section  through  the 
saddles  and  show  the  intercepting  valve  and  the 
actuating  valves,  Fig.  133  showing  them  in  posi- 
tion for  working  compound,  and  Fig.  134  for 
starting.  Fig.  135  gives  a  vertical  section,  better 
showing  the  passages  between  the  receiver  and 
the  low-pressure  steam  chest,  which  passages  are 
opened  and  closed  by  the  double  pistons  GG 
which  form  the  intercepting  valve.  Of  the  remain- 
ing figures,  136  and  137  show  details  of  the  regu- 
lating valve,  and  Fig.  138  an  end  view  of  the 
intercepting  pistons  GG.  The  arrows  in  Figs. 
133  and  134  indicate  the  direction  of  the  steam 
in  passing  through  the  apparatus. 

Fig.  132  shows  a  smoke-box  mounted  on  sad- 
dles connected  with  the  high  and  low-pressure 
cylinders  located  on  opposite  sides  of  the  engine 
and  having  the  necessary  admission  and  exhaust 
ports.  The  exhaust  port  of  the  high-pressure 
cylinder  is  connected  by  a  passage  E  (see  dotted 
lines  in  Fig.  132  and  full  section  of  port  in  Figs. 
133  and  134)  with  the  receiver  at  B,  Fig.  132. 
The  other  end  of  the  receiver  connects  with  the 
inlet  passage  R^  (shown  also  in  Fig.  135)  leading 
to  the  low-pressure  steam  chest,  and  in  this 
passage  the  intercepting  valve  GG  \^  located  and 
travels  across  it  to  open  or  close  this  passage. 

The  intercepting  valve  and  the  mechanism  for 
operating  it  are  mounted  on  the  saddle  of  low- 
pressure  cylinder,  as  before  stated,  while  the  live 
steam  pipe  S  and  the  high-pressure  exhaust  pas- 
sage E  are  situated  in  the  high-pressure  saddle. 
The  low-pressure  exhaust  passage  E^  is  formed 
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by  the  two  saddles  being  bolted  together,   see 
Figs.  133  and  134. 

The  intercepting  valve  consists  of  two  pistons 
GG  (having  several  small  holes  g  through  them 
in  order  to  balance  them,  see  Figs.  135  and  138) 
mounted  at  one  end  of  a  long  piston  rod,  which 


JnterceptiTLff  Tali/e  Operv 

moves  to  and  fro  in  a  cylinder  having  four  open- 
ings. The  two  large  openings  shown  lead  from 
the  receiver  to  the  low-pressure  steam  chest  (see 
Fig.  135)  and  are  closed  by  the  two  intercepting 
pistons  GG  when  the  engine  is  to  be  started,  so 
that  live  steam  may  be   admitted  to  the  low- 
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pressure  cylinder  without  producing  a  back 
pressure  in  the  high-pressure  cylinder  through 
the  receiver.  Of  the  two  remaining  openings  in 
the  valve  cylinder,  port  D  leads  to  the  low-pressure 
storim  chest  and  port  F  admits  steam  from  the 
boiler  when  the  apparatus  stands  in  position  as 
shown  in  Fig.  134. 


The  back  end  of  the  intercepting  i)iston-rod 
passes  through  suitable  stuffing  boxes  to  a  small 
cylinder  provided  with  a  piston  //,  which  actuates 
the  intercepting  valve.  This  cylinder  has  a  small 
steam  chest,  slide  valve  and  admission  and  exhaust 
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ports  SO  similar  to  those  of  an  ordinary  locomo- 
tive cylinder,  that  its  operation  will  be  made  plain 
by  referring  to  the  Figs.  133  and  134,  if  the  move- 
ments of   its   slide  valve   are  explained.      This 


f^ciJt/e.  Open 


jLF  C^7, 


small  slide  valve.  Fig.  131,  is  moved  by  a  stem 
connecting  two  pistons,  K  and  /i\  of  nnequal 
diameter  in  order  to  insure  their  movement  in 
the  proper  direction  at  the  proper  time.  The 
actuation  of  these  pistons,  and  with  them  the  slide 
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valve,  will  be  made  clear  b}'  the  figures.  From 
Fig.  135  it  will  be  seen  that  a  small  pipe  li^  leads 
from  the  receiver  connection  K"  to  this  valve 
mechanism,  and  from  Figs.  133  and  134,  that  a 
pipe  S^  comes  from  the  live  steam  passage  in  the 
saddle  and  has  a  small  port  leading  to  the  actu- 
ating valves  as  well  as  to  the  poppet  valve  N. 
These  live  steam  and  receiver  connections  come 
to  opposite  sides  of  a  small  piston  valve  M  (Fig. 
137),  which  is  called  the  "regulating  valve"  and 
travels  across  two  ports  leading  to  the  slide  valve 
beneath  it,  as  shown. 


lA   Fi^joe 


Fic/J37> 


jFieceit/er' 


Ayiide.  I  a  liy'e 


The  remainder  of  this  mechanism  consists  of  a 
balanced  poppet  valve  N,  which,  when  open,  ad- 
mits live  steam  from  pipe  aS'^  through  the  inter- 
cepting valve  to  the  low-pressure  cjdinder  in 
starting.  This  pop^Det  valve  jV  has  a  projecting 
stem  on  the  lower  side  and  is  opened  and  allowed 
to  close  by  a  rocker-arm  or  bell-crank  L,  its 
two  positions  being  shown  in  Figs.  133  and  134, 
respectively. 

The  operation  of  the  apparatus  is  as  follows: 
The  normal  position  of  the  parts  when  the  en- 
gine is  working  compound  is  shown  in  Fig.  133, 
in  which  position  steam    for    the    low-pressure 
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cylinder  comes  entirely  from  the  high-pressure 
exhaust  through  the  receiver.  To  start  the  train, 
the  engine  throttle  is  opened  as  usual.  This  per- 
mits steam  to  pass  to  the  high-pressure  side  and 
also  through  the  pipe  S^  (Figs.  183  and  136)  to 
the  left  side  of  piston  valve  M  (Fig.  137)  and 
down  through  the  adjacent  port  (as  indicated 
by  arrows)  to  the  slide  valve  chamber,  there  act- 
ing between  the  two  pistons  K  and  K^  (Figs. 
131, 133  and  137).  The  right-hand  piston,  being 
the  larger,  causes  a  movement  of  the  slide  valve 
from  its  position  shown  in  Fig.  133  to  that  shown 
in  Fig.  134,  thereby  uncovering  the  steam  port 
to  the  left  of  piston  //,  which  it  forces  with  the  in- 
tercepting valve  GG  to  the  right.  In  this  position, 
IFij^.ldS.  as  shown  in  Fig.  134,  the  receiver 
openings  are  closed  by  the  pistons 
GG  and  the  pojDpet  valve  iV^  has 
been  opened  by  the  bell-crank  L, 
thus  admitting  live  steam  through 
the  intercepting  valve  cylinder  and 
port  D  to  the  low-pressure  steam 
chest,  as  indicated  by  the  arrows.  Hence  it  is 
possible  to  obtain  the  full  pressure  of  live  steam 
in  the  low-pressure  cylinder  in  starting. 

After  one  or  two  revolutions  the  pressure  in  the 
receiver,  passing  down  through  the  small  connect- 
ing port  to  the  right  of  the  larger  piston  K"  (Fig. 
137)  overbalances  the  pressures  between  the  pis- 
tons, thus  moving  the  slide  valve  to  the  left,  the 
position  shown  in  Figs.  133  and  137.  According  to 
the  ordinary  action  of  a  slide  valve  this  reverses 
the  pressures  on  the  actuating  piston  //,  forcing  it 
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to  the  left  and  opening  the  intercepting  valve. 
This  return  movement  of  the  actuating  piston  H 
detaches  the  bell-crank  L  from  the  poppet  valve 
N  and  allows  the  latter  to  close  before  the  inter- 
cepting valve  opens.  After  this  the  locomotive 
works  compound,  the  passage  of  steam  being 
through  the  high-pressure  cylinder  to  the  receiver 
and  thence  through  the  intercepting  valve  and 
low^-pressure  cjdinder  to  the  atmosphere,  as  pre- 
viously described. 

A  difficulty  met  with  in  many  of  the  earlier 
forms  of  compound  mechanism,  and  to  which  the 
reader's  attention  was  called  at  the  beginning  of 
this  chapter,  namely,  the  accumulation  of  dan- 
gerously high  pressure  in  the  receiver  when  run- 
ning with  the  throttle  closed,  was  overcome  in 
this  device  by  an  automatic  action  of  the  piston 
valve  M  and  the  differential  pistons  K  and  K^ 
(Fig.  137),  as  follows:  When  the  engine  is  using 
steam  the  regulating  valve  M  is  always  against 
the  right-hand  seat,  as  shown,  and  this  valve  only 
comes  into  use  when  running  without  working 
steam,  as  down  a  long  grade.  In  this  case,  if  the 
intercepting  valve  happened  to  be  closed,  the 
action  of  the  engine  would  cause  air-pressure  to 
accumulate  in  a  closed  receiver  as  there  w^ould 
then  be  no  live  steam  available  to  cause  the 
actuating  device  to  open  the  intercepting  valve. 
Hence  it  is  arranged  so  that  air-pressure  in  the 
receiver  will  force  the  valve  M  to  the  left  and 
itself  take  the  place  of  live  steam  by  passing  to 
the  slide  valve  chamber  and  down  to  the  right 
side  of  the   actuating  piston  //,  moving  it  to  the 
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left  and  opening  the  intercepting  valve,  as  shown 
in  Fig.  133.  Thus  the  small  valve  M  acts  as  a 
safety  valve,  insuring  the  opening  of  the  inter- 
cepting valve  when  live  steam  is  not  being  used, 
and  preventing  the  danger  of  excessive  receiver 
pressure  or  the  lifting  of  the  high-pressure  slide 
valve  off  its  seat  when  the  engine  is  running  with 
steam  shut  off. 

SCHENECTADY  1892  DESIGN,  WITH  SOUTHERN   PACIFIC 

MODIFICATION. 

To  render  it  possible  to  run  the  engine  "simple" 
for  any  desired  period  in  starting,  or  to  obtain 
a  maximum  power  in  case  a  train  were  stall- 
ing on  a  heavy  grade,  the  Southern  Pacific  Co. 
in  1893  added  to  many  of  their  Schenectady  com- 
pounds of  the  1892  design,  a  separate  exhaust 
valve  located  in  the  smoke-box,  as  shown  in  Figs. 
139  and  140.  The  reverse  lever  in  the  cab,  when 
placed  in  either  of  its  extreme  positions,  caused 
this  valve  to  open  and  thereby  connect  the  re- 
ceiver directly  with  the  main  exhaust  pipe,  thus 
permitting  the  high-pressure  cylinder  to  exhaust 
through  the  receiver  directly  to  the  atmosphere, 
as  indicated  by  arrows  in  Fig.  139.  As  the  re- 
ceiver pressure  was  thus  kept  dowm  it  will  be 
readily  understood  from  the  preceding  description 
of  the  intercepting  valve  that  the  latter  will 
remain  in  starting  position  as  in  Fig.  134,  and 
hence  the  locomotive  will  work  as  a  simple  engine 
until  such  time  as  the  engineer  pulls  the  reverse 
lever  higher  up  on  the  quadrant  and  thereby 
closes   the  separate   exhaust   valve.      Then   the 
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intercepting  valve  automatically  assumes  the 
compound  position,  as  in  Fig.  133,  for  reasons 
hereinbefore  explained. 

This  modification  of  the  two-cylinder  or  cross- 
compound  is  of  especial  note  inasmuch  as  it  was 
one  of  the  first  in  this  country  which  permitted 
the  working  of  the  locomotive  as  a  simple  engine 
for  any  desired  length  of  time,  at  the  will  of  the 
engineer.  Its  results  in  practical  operation  were 
to  greatly  reduce  the  jerking  of  trains  in  starting 
(then  a  very  serious  objection  to  many  com- 
pounds); it  gave  a  greater  maximum  power  at 
critical  periods,  and  was  withal  so  eminently  satis- 
factory that  the  reader  will  notice  the  majority 
of  the  builders  of  two-cylinder  compounds  in  this 
country  have  embodied  a  separate  exhaust  valve 
in  their  later  designs. 

SCHENECTADY  COMPOUND DESIGN  OF  1896. 

The  valve  arrangement  designed  in  1896  by 
Messrs.  A.  J.  Pitkin,  Vice-President  and  General 
Manager,  and  J.  E.  Sague,  Mechanical  Engineer  of 
the  Schenectady  Locomotive  Works,  and  used  as 
their  standard  construction  for  two-cylinder  com- 
pound locomotives,  will  be  made  clear  by  what 
follows. 

In  general  it  may  be  said  that  this  so-called 
''intercepting  valve"  consists  of  four  separate 
parts,  namely:  (1)  An  intercepting  valve  proper, 
which  allows  steam  to  pass  to  the  low-pressure 
cylinder  from  either  the  receiver  or  the  boiler, 
according  to  its  position.  (2)  A  reducing  valve 
allowing  live  steam  at  only  a  reduced  pressure 
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to  enter  the  low-pressure  cj^linder  when  working 
simple.  (3)  An  independent  or  separate  exhaust 
valve  which,  when  open,  vents  the  exhaust  from 
the  high-pressure  cylinder  to  the  atmosphere 
through  the  exhaust  pipe  and  stack.  (4 )  A  small 
valve  K  inside  of  the  separate  exhaust  valve,  by 
the  use  of  which  the  latter  can  be  opened  more 
easily  and  gradually. 


— /Schenectu^y  IS^hlJe^svgn^ — ^ 

By  the  arrangement  of  these  valves  the  engine 
can  be  started  and  run  either  compound  or  simple 
and  can  be  changed  from  compound  to  simple,  or 
the  reverse,  at  the  will  of  the  engineer,  with  the 
throttle  and  the  reverse  lever  in  any  position;  the 
engineer  has  only  to  move  a  small  three-way  cock 
in  the  cab  and  the  working  of  the  engine  changes 
very  smoothly  and  without  jerking  the  train. 
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Figs.  141  and  142  give  sections  of  smoke  arch 
and  cylinder  saddles  and  show  the  steam  passages, 
the  receiver  and  the  location  of  the  intercepting 
valve  in  the  saddle  of  the  low-pressure  cylinder  on 
the  right-hand  side  of  the  engine. 

It  will  be  noticed  by  the  dotted  lines  behind 
the  receiver  pipe  that  there  are  two  steam  pipes  as 
in  a  simple  engine,  bnt  the  one  (*S')  leading  to  the 
intercepting  valve  on  the  low-pressure  side  is  much 
smaller  than  usual,  as  it  will  only  be  required  for 
use  at  low  speeds. 

Fig.  143  shows  a  vertical  section  lengthwise 
through  the  low-pressure  cylinder  saddle  and  the 
intercepting  valve  (as  if  they  were  cut  through  at 
MN  of  Fig.  142)  and  shows  the  intercepting 
and  the  separate  exhaust  valves  in  the  position 
taken  when  the  engine  is  working  simple  and  re- 
ceiving live  steam  in  both  cylinders.  Fig.  144  is 
a  section  through  the  dash-pot  of  Fig.  143. 

Fig.  145  gives  the  same  section  as  Fig.  143,  but 
shows  the  intercepting  and  the  separate  exhaust 
valves  in  the  position  taken  when  the  engine  is 
working  compound. 

Figs.  146  and  147  show  two  sections  crosswise 
of  the  intercepting  valve  at  points  indicated  re- 
spectively by  the  lines  cd  and  ah  of  Fig.  145.  Sec- 
tion cd  shows  the  passages  G  for  admitting  live 
steam  into  the  low-pressure  cylinder,  and  section 
ah  shows  the  outlet  passage  U  from  the  sep- 
arate exhaust  valve  to  the  main  exhaust  x)ipe. 

The  part  which  each  portion  of  the  valve 
arrangement  performs  is  as  follows:  The  sepa- 
rate exhaust  valve,  when  open,  allows  the  steam 


OPERATIO^^  OF  COMPOUND  LOCOMOTIVES.       227 

to  exhaust  from  the  high-pressure  cylinder 
to  the  atmosphere  without  going  through  the 
low-pressure  cj-linder,  thus  working  the  en- 
gine simple;  when  it  is  closed,  the  high-press- 
ure exhaust  must  pass  through  the  low-press- 
ure cylinder,   thus   working    the    engine   com- 

/Section  c-d        /Sectiori  tt-i 


pound.  The  intercepting  valve  closes  the 
passage  between  the  two  cylinders  when  the  sep- 
arate exhaust  valve  is  open,  so  that  steam  can- 
not go  from  the  high-pressure  cylinder  to  the 
low-pressure  cylinder;  thus  doing  away  with 
back  pressure  on  the  high-pressure  piston  when 
the  engine  is  working  simple;  it  also  admits 
live  steam  direct  from  the  dry-pipe  through 
the  reducing  valve  to  the  low-pressure  cylinder. 
When  the  separate  exhaust  valve  closes,  the 
intercepting  valve  automatically  opens  the  pas- 
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sage  between  the  two  cj^linders  and  cuts  off  the 
supply  of  live  steam  from  the  dry  pipe  to  the 
low-pressure  cylinder.  The  reducing  valve  works 
only  when  the  engine  is  working  simple  and 
throttles  the  steam  passing  through  it,  so  that 
the  pressure  of  steam  going  to  the  low-pressure 
cylinder  is  about  one-half  (or,  less,  according  to 
the  proportionate  sizes  of  the  two  cylinders)  of 
that  admitted  from  the  boiler  to  the  high-press- 
.  ure  cylinder. 

The  reducing  valve  is  quite  heavily  cross-sec- 
tioned, while  the  long,  intercepting  valve  ap- 
pears next  lighter,  in  order  to  render  their  out- 
lines in  Figs.  143  and  145  readily  distinguishable. 
Examining  the  two  ends  of  the  intercepting  valve, 
it  will  be  seen  that  the  left  end,  exposed  to  the 
pressure  of  the  atmosphere  through  the  drip,  is 
only  about  three-fourths  as  large  as  the  right 
end  (between  the  bridges  EB,  Fig.  143),  exposed 
to  the  receiver;  hence,  if  the  receiver  has  little 
or  no  pressure,  the  boiler  pressure  on  the 
shoulder  of  the  intercepting  valve  automatically 
carries  it  to  the  right,  as  shown  in  Fig.  143.  The 
reducing  valve  is  automatically  opened  because 
of  the  difference  in  area  of  its  two  ends  also.  The 
movement  of  each  of  these  valves  is  cushioned 
by  dash-pots,  as  shown.  The  separate  exhaust 
valve  is  operated  by  the  engineer  by  means  of  a 
three-way  cock  in  the  cab.  To  open  the  sepa- 
rate exhaust  valve  the  handle  of  the  three-way 
cock  is  thrown  so  as  to  admit  a  pressure  of  steam 
or  air  through  the  pipe  W  against  the  piston  J. 
Pulling  the   handle   back  relieves   the  pressure 
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against  piston  J  and  the  spring  shuts  the  valve, 
as  in  Fig.  145.  All  the  engineer  has  to  do  in 
connection  with  the  operation  of  the  valves  is  to 
pull  the  handle  of  the  three-way  cock  in  the  cab 
one  way  or  the  other,  according  as  he  wishes  the 
engine  to  run  simple  or  compound.  The  engi- 
neer uses  the  handle  under  the  following  condi- 
tions: 

To  Start  Simple. — Under  ordinary  conditions 
this  is  not  necessary,  but  if  the  maximum  power 
of  the  engine  is  needed  to  start  a  heavy  train,  the 
engineer  pulls  the  handle  of  the  three-Avay  cock 
so  as  to  admit  pressure  from  the  cab  through 
pipe  TF  against  the  piston  J,  Fig.  145.  This  will 
force  piston  J  into  the  position  shown  in  Fig.  143, 
opening  the  separate  exhaust  valve  and  hold- 
ing it  open.  The  engine  throttle  now  being 
opened,  live  steam  at  boiler  pressure  enters  the 
chamber  E  from  the  small  steam  pipe  S  before 
mentioned  and  forces  the  intercepting  valve  to 
the  right  against  the  seat  FF,  as  shown  in  Fig. 
143.  The  exhaust  steam  from  the  high-pressure 
cylinder  now  passes  through  the  receiver  and  is 
exhausted  through  the  separate  exhaust  valve  to 
an  annular  chamber  U  connected  with  the  main 
exhaust  to  the  stack,  as  indicated  by  the  arrow  in 
Fig.  143.  (See  also  Fig.  147.)  Steam  also  enters 
the  low-pressure  cylinder  from  chamber  £"  through 
the  reducing  valve  and  the  annular  ports  G  in 
the  intercepting  valve  (See  Figs.  143  and  146), 
and  is  exhausted  in  the  usual  way.  The  reducing 
valve  prevents  the  full  boiler  pressure  from  reach- 
ing the  low-pressure  cylinder.  As  will  be  seen  from 
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Figs.  143  and  145,  the  reducing  valve  is  partly  bal- 
anced by  its  smaller  left  end  being  open  to  the  at- 
mosphere through  a  small  groove  leading  to  the 
chamber  having  an  open  drip,  and  thus  the  boiler 
pressure  acting  on  the  unl)alanced  area  throws  the 
valve  open — to  the  right.  When  the  pressure  in 
the  intercepting  valve  cavity  on  the  right  of  the 
reducing  valve  becomes  high  enough,  it  will  throw 
the  valve  to  the  left,  because  it  acts  on  the  whole 
area  of  the  valve;  the  result  is  that  the  steam  is 
throttled  to  the  proper  pressure  desired  for  the 
low-pressure  cylinder. 

To  Work  Compound. — Having  started  the  train, 
when  the  engineer  wishes  to  change  the  engine 
from  simple  working  to  compound,  he  pushes  the 
handle  of  the  three-way  cock  to  its  first  position 
which,  relieving  the  pressure  on  piston  J  through 
pipe  W,  allows  the  spring  to  act  to  the  right  and 
close  the  separate  exhaust  valve,  as  in  Fig.  145. 
As  soon  as  this  valve  is  closed  the  pressure  in  the 
receiver,  having  no  outlet,  rises  and  presses  the 
intercepting  valve  to  the  left  against  the  pressure 
from  chamber  E,  which  acts  only,  as  stated, 
upon  the  shoulder  of  the  intercepting  valve.  The 
receiver  pressure  holds  the  intercepting  valve  to 
the  left,  as  shown  in  Fig.  145,  thereby  closing  the 
ports  G  and  opening  a  free  passage  from  the 
receiver  to  the  low-pressure  cylinder  as  indicated 
by  the  arrows,  and  the  engine  works  compound. 
While  working  compound,  which  is  the  usual  way 
of  working  the  engine,  both  the  reducing  and  the 
intercepting  valves  are  held  to  the  left  against 
ground   joint   seats.     This   should   prevent   any 
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steam  which  might  leak  by  the  packing  rings 
from  constantly  escaping  at  the  dnp. 

To  Change  from  Conqjound  to  Simple. — With 
the  engine  running  compound,  if  the  engineer 
wishes  to  change  to  simple  because  of  a  very 
heavy  grade,  he  has  only  to  pull  the  three-way 
cock  handle  to  the  same  position  as  for  starting 
simple.  Then  piston  J  first  opens  the  small  valve 
K  and  then  the  separate  exhaust  valve.  The 
small  valve  J^  relieves  the  pressure  more  gradually 
than  if  the  larger  valve  were  opened  at  once. 
As  soon  as  the  separate  exhaust  valve  is  opened 
the  pressure  in  the  receiver  escapes  through  it 
and  becomes  so  low  that  the  intercepting  valve  is 
again  forced  to  the  right  (as  in  Fig.  148)  against 
its  seat  F  by  the  steam  pressure  from  chamber 
E,  and  the  engine  works  simple  as  in  starting. 

To  Start  as  an  Automatic  Compound. — If  the 
separate  exhaust  valve  is  left  closed,  as  in  Fig. 
145,  the  engine  will  start  as  an  automatic  com- 
pound when  the  throttle  is  opened,  for  the 
pressure  from  chamber  E  will  force  the  intercept- 
ing valve  to  the  right,  as  in  Fig.  143,  thus  admit- 
ting live  steam  through  the  reducing  valve  and 
ports  G  to  the  low-pressure  cylinder,  while  at  the 
same  time  the  high-pressure  cylinder  exhausts 
into  a  closed  receiver  for  a  few  strokes.  This 
pressure,  accumulating  in  the  receiver,  will  then 
automatically  close  the  ports  G  by  moving  the 
intercepting  valve  to  the  left,  as  in  Fig.  145,  and 
the  engine  thereafter  runs  compound. 

Accidents  to  Schenectady  Compounds — the  Auto- 
matic Compound  of  1892.     What  should  be  done 
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in  case  of  a  break-down  on  the  road,  necessi- 
tating the  disconnecting  of  the  high-pressure 
side?  If  but  a  short  distance  to  go  and  a  slow 
speed  would  suffice,  clamp  the  high-pressure 
slide  valve  in  center  and  permit  the  engine  to 
run  by  the  admission  of  live  steam  through 
the  small  pipe  S^  and  the  poppet  valve  N  to  the 
high-pressure  cylinder  (Figs.  133  and  134).  If 
the  intercepting  valve  is  out  of  order,  block  the 
poppet  valve  ^Y  open,  that  is,  up.  If  it  were  re- 
quired to  run  at  considerable  speed,  this  small 
pipe  S^  w^ould  give  insufficient  supply,  in  which 
case  the  high-pressure  slide  valve  should  be 
blocked  clear  back  (much  farther  than  its  ordi- 
nary travel  carries  it),  so  as  to  uncover  the 
exhaust  port,  thus  admitting  live  steam  direct 
to  the  receiv^er.  If  the  steam  chest  is  large 
enough  to  iDlace  the  high-pressure  valve  as 
described,  and  the  intercepting  valve  is  not  de- 
ranged, the  engine  w^ould  run  at  full  speed  with 
the  low-pressure  side.  If  out  of  order,  the  inter- 
cepting valve  should  be  held  open  (in  the  position 
as  shown  in  Fig.  133)  by  clamping  the  stem  be- 
tween the  stuffing  boxes.  In  all  cases  the  throttle 
should  be  handled  easily  to  prevent  a  too  rapid 
flow  of  boiler  pressure  to  the  large  low-pressure 
cylinder  and  the  consequent  liability  of  jerking 
the  train  or  causing  damage  to  this  cylinder. 

What  should  be  done  if  it  becomes  necessary 
to  take  dowm  the  low-pressure  side  of  the  engine? 
The  engine  could  be  moved  a  short  distance  wdth 
the  cylinder  cocks  open  or  the  indicator  plugs  re- 
moved on  the  high-pressure  side,  but  as  most  en- 
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gines  of  this  class  have  either  a  large  steam  chest 
or  an  ''Allen"*  ported  slide  valve,  the  valve  can 
be  clamped  back  far  enough  to  uncover  the  low- 
pressure  exhaust  port,  and  thus  run  at  full  speed. 
If  this  cannot  be  done,  block  both  the  low-press- 
ure crosshead  and  valve  clear  back  and  unscrew 
the  relief  valves  or  take  off  the  front  cylinder 
head  on  that  side  to  make  an  exhaust  opening 
from  the  receiver.  If  the  intercepting  valve  is 
out  of  order,  it  must  be  securely  clamped  open, 
as  in  Fig.  133,  otherwise  the  opening  between 
the  receiver  and  the  low-pressure  steam  chest 
would  be  closed. 

In  this  last  procedure,  with  the  exhaust  other 
than  through  the  stack,  would  the  engine  steam 
with  much  of  a  train?  No;  but  a  limited  amount 
of  steam  could  be  maintained  by  the  use  of  the 
blower  for  creating  draught. 

What  would  be  the  effect  of  the  removal  of  the 
slide  valve  on  the  disabled  side?  This  would 
give  a  free  port  opening  under  all  circumstances, 
but  v/ould  generally  consume  too  much  time  to 
be  practicable. 

What  prevents  the  leakage  of  live  steam  into 
the  receiver  when  the  intercepting  valve  is  closed, 
as  in  Fig.  134,  there  being  no  packing  rings  in  the 
two  pistons  GG"^  The  live  steam  pressure  acts 
from  below  when  starting,  so  as  to  hold  these 
pistons  tight  against  ports  of  the  receiver.  Fig. 
135  illustrates  this  clearly,  if  the  intercepting 


*See  illustrations  id  Part  First  of    the  Manual,  showing  the 
"Allen  "  slide  valve. 
16  vol  la 
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valve  were  there  shown  closed,  as  live  steam 
would  then  be  below  pistons  GG. 

What  would  be  the  result  if  the  wiper  L  would 
strike  the  poppet  valve  A"  (Figs.  138  and  134) 
before  the  intercepting  valve  pistons  GG  closed 
their  ports?  Live  steam  would  blow  through  to 
the  receiver  and  produce  a  back  pressure  on  the 
high-pressure  side. 

How  can  this  be  prevented?  Pistons  GG  have 
sufficient  lap  to  allow  of  their  closing  before  the 
wiper  L  strikes  the  poppet  valve  N,  and  the 
adjustable  tappet  on  the  intercepting  valve  stem 
should  be  set  so  as  to  cause  this.  If  the  tappet  is 
set  too  far  back,  valve  N  would  not  be  opened  at 
all  and,  as  a  consequence,  no  live  steam  would  be 
admitted  to  the  low-pressure  cylinder  in  starting. 

If  the  operating  piston  H  should  break,  what 
position  would  the  intercepting  valve  probably 
take  ?  On  account  of  the  unbalanced  area  of  the 
stem,  it  would  probably  move  open  to  the  left 
as  for  compound  working.  Fig.  133. 

Accidents  to  Sclienectadij  design  of  1892,  tvith 
Southern  Pacific  Modifications. — If  it  became 
necessary  to  disconnect  the  high-pressure  side  of 
the  engine,  what  should  be  done?  The  same  as 
with  the  1892  Schenectady  system. 

Would  there  be  any  difference  in  case  the  low- 
pressure  side  broke  down?  Yes;  disconnect  the 
broken  side  as  usual  (see  instructions  for  simple 
engines  in  Part  First  of  the  Manual)  and  run  with 
reverse  lever  in  full  gear,  if  for  a  short  distance  or 
a  low  speed  only  is  required.  If  it  is  necessary  to 
run  for  a  considerable  distance  at  a  good  speed,  it 
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would  be  advisable  to  disconnect  the  separate  ex- 
haust valve  levers  from  their  connection  to  the 
reach-rod  and  properly  secure  them  in  either  ex- 
treme position,  so  as  to  hold  the  valve  open.  The 
engine  can  then  be  ''hooked-up,"  that  is,  the  re- 
verse lever  pulled  up  toward  its  central  position, 
to  correspond  to  the  demands  of  the  service. 

Accidents  to  Sclienectadij  CoinpoiDids — design  of 
1896. — What  should  be  done  in  case  the  high- 
pressure  side  had  to  be  disconnected  ?  Ordinaril  y, 
open  the  separate  exhaust  valve  "'  and  do  nothing- 
different  than  with  a  simple  engine;  bat  to  obtain 
greater  speed  than  the  supply  of  live  steam  to 
the  low-pressure  cylinder  through  its  small  steam 
pipe  would  permit,  the  high-pressure  valve  should 
be  secured  in  such  a  position,  if  possible,  as  will 
uncover  its  exhaust  port,  thereby  admitting  li\'e 
steam  to  the  receiver  and  thence  to  the  low- 
pressure  cylinder.  In  this  case  leave  the  separate 
exhaust  valve  closed  and  handle  the  throttle 
easily  so  as  not  to  cause  constant  opening  of  the 
safety  valves  on  the  low-pressure  side. 

What  is  necessary  with  the  low-pressure  side 
disconnected  ?  Open  the  separate  exhaust  valve 
and  allow  the  high-pressure  cylinder  to  exhaust 
to  the  stack  through  its  connection.  While  con- 
siderable train  could  thus  be  handled,  it  would 
not  be  done  at  anything  but  a  slow  speed,  unless 
the  low-pressure  slide  valve  were  placed  so  as  to 


*  While  not  absolutely  necessary  to  open  the  separate  exhaust 
valve  for  this  case,  it  is  best  to  do  so  that  there  may  be  no 
accumulation  of  pressure  in  the  receiver  should  the  high-pressure 
valve  leak. 
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uncover  its  exhaust  port  and  the  separate  ex- 
haust valve  left  closed. 

What  is  done  to  prevent  full  holier  pressure 
from  reaching  the  low-pressure  cylinder  in  case 
the  reducing  valve  becomes  defective  or  broken? 
Pop  or  safety  valves  are  placed  on  the  chest  and 
both  heads  of  the  low-pressure  cylinder  and  they 
are  set  at  about  one  hundred  pounds,  the  highest 
pressure  deemed  advisable  in  so  large  a  cylinder. 

In  case  of  a  broken  intercepting  valve  what 
precautions  should  be  taken?  Run  the  engine 
compound  only  and  do  not  stop  the  engine  with 
the  low-pressure  side  on  center. 

Why  must  the  oil  dash-pot  be  kept  filled  with 
oil?  The  flow  of  oil  from  one  side  of  the  dash- 
pot  piston  to  the  other  prevents  sudden  move- 
ments of  and  serious  jars  to  the  intercepting  valve. 

How  can  the  rapidity  of  this  movement  be  reg- 
ulated? By  a  greater  or  less  opening  of  the  valve 
P,  Figs.  143  and  144,  as  this  valve  regulates  the 
flow  of  oil  from  one  side  of  the  dash-pot  piston  to 
the  other.  A  slight  opening  causes  a  slow  move- 
ment, while  a  wide  opening  makes  possible  a  too 
rapid  movement. 

What  would  be  most  liable  to  cause  breakage 
to  the  intercepting  valve  ?  Allowing  the  oil  dash- 
pot  to  become  partially  or  wholly  empty. 

What  kind  of  oil  should  be  used  in  this  dash- 
pot?  Only  mineral  oil,  thinner,  if  anything,  than 
ordinary  engine  oil. 

What  is  the  purpose  of  the  key  shown  in  the 
dash-pot  (Fig.  144)?  To  prevent  the  intercepting 
valve  from  turning  around. 
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With  this  compound,  what  pressure  from  the 
cab  is  used  to  ojDerate  the  separate  exhaust  valve? 
Either  air  or  steam. 

AVhy  is  air  pressure  generally  considered  pref- 
erable? On  account  of  the  absence  of  moisture 
therein.  As  the  separate  exhaust  valve  piston  J 
audits  cylinder  (Figs.  143  and  145)  project  from 
the  front  of  the  cylinder  saddle  and  are  exposed  to 
currents  of  cold  air,  the  use  of  steam  therein  and  a 
lack  of  proper  drainage  might  cause  them  to  freeze 
in  cold  weather. 

What  objection  is  there  to  the  use  of  air? 
Should  the  air  pump  stop  or  the  pressure  other- 
wise become  exhausted,  as  in  switching  and  pick- 
ing up  a  large  number  of  air-brake  cars,  there 
might  be  insufficient  pressure  to  hold  the  valve 
open  against  the  receiver  pressure. 

How  is  this  objection  overcome  when  air  is 
used  for  this  purpose?  Besides  the  air  connec- 
tion to  the  three-way  cock  in  the  cab,  there  is  a 
steam  connection;  closing  the  one  and  opening 
the  other,  quickly  furnishes  an  alternative  press- 
ure for  operation. 

What  would  be  the  result  if  both  the  steam  and 
the  air  connections  were  left  open  ?  There  would 
be  no  effect  upon  the  engine  itself,  but  the  steam 
would  fill  the  whole  air-brake  system  with  w^ater 
and  seriously  affect  the  operation  of  the  brakes. 


THE    PITTSBURG    COMPOUND. 

The  Pittsburg  Locomotive  Works  have  been 
one  of  the  hirgest  builders  of  two-cylinder  or 
cross-compound  locomotives  in  this  country. 
Their  location  of  the  intercepting  valve  in  the 
saddle  of  the  high-pressure  cylinder  instead  of 
the  low-pressure  cylinder  is  an  arrangement 
which  obviates  the  necessity  of  a  second  steam 
I)ipe  for  admitting  live  steam  to  the  intercepting 
valve  and  low-pressure  cylinder  when  it  is  de- 
sired to  work  the  engine  non-compound. 

With  the  valve  mechanism  which  will  be 
shown  and  described  in  what  follows,  w^hen  the 
reverse  lever  is  either  in  full  forward  or  back-up 
gear  and  the  throttle  opened,  the  engine  starts 
by  the  admission  of  live  steam  into  both  cylin- 
ders and  with  an  open  exhaust  passage  from  each 
cylinder  to  the  stack.  The  live  steam  admitted 
to  the  low-pressure  cylinder  is  sufficiently  re- 
duced in  pressure  by  passing  through  a  reducing 
valve  to  cause  the  engine  to  have  the  same  power 
that  a  simple  locomotive  would  have  with  two 
cylinders  the  size  of  the  high-pressure  cylinder. 
When  the  reverse  lever  is  "  hooked-up,"  or  drawn 
toward  the  center,  one  or  more  notches,  it  me- 
chanically works  an  operating  valve  and  piston 
near  the  cab,  which  throws  the  intercepting 
valve  into  ]30sition  for  compound  working. 
There  is  a  hand  lever  in  the  cab,  as  shown  in 
Fig.  148,  which  can  be  used  to  move  the  inter- 
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cepting  valve  in  case  of  derangement  of  the  op- 
erating device,  or  other  necessity.  However, 
the  engine  will  only  start  simple  when  the  in- 
tercepting valve  is  placed  in  proj)er  position,  as 
this  valve  does  not  automatically  assume  simple 
position  of  its  own  volition.     Fig.  148  gives  the 
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general  arrangement  and  show^s  the  position  ot 
the  intercepting  and  reducing  valves  in  the 
saddle  of  the  high-pressure  cylinder  on  the  right- 
hand  side  of  the  engine,  the  lever  connections  be- 
tween the  intercepting  valve  and  the  operating 
cylinder  near  the  cab,  and  the  means  of  moving 
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the  operating  valve  by  its  attachment  to  the 
reach-rod.  The  operating  piston  can  be  actuated 
either  by  air  or  steam  pressure,  the  former  being 
preferable,  especially  in  cold  climates. 

Figs.  149  and  150  show  on  a  larger  scale  the 
same  section  through  the  valves  in  the  saddle. 
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In  Fig.  149  the  intercepting  and  the  reducing 
valves  are  in  position  for  working  simple,  while 
in  Fig.  150  they  are  shown  in  compound  position. 
Port  S  is  the  passage  from  the  steam  pipe  to  the 
high-pressure  steam  chest,  and  port  E  the  ex- 
haust passage  from  the  high-pressure  cylinder; 
port  i?  is  the  opening  into  the  receiver;  port  B 
leads  to  the  atmosphere  through  the  stack,  being 
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an  independent  exhaust  for  the  high-pressure  cyl- 
inder. Port  C  is  a  branch  from  the  main  steam 
port  S,  and  carries  live  steam  to  the  reducing  valve 
fr  for  use  in  the  low-pressure  cylinder  when 
needed. 

When  the  intercepting  valve  is  moved  to  the 
left  in  position  for  working  simple,  as  shown  in 
Fig.  149,  steam  from  the  high-j)ressure  exhaust  A' 
passes  through  the  intercepting  valve  (between 
its  two  piston  ends)  and  to  the  atmosphere 
through  the  independent  exhaust  B.  At  the  same 
time  live  steam  from  C  opens  the  reducing  valve 
(t,  as  the  valve  is  then  unbalanced  by  its  left  end 
being  larger  than  its  right,  and  passes  through  the 
intercepting  valve  chamber  D  and  the  receiver  i? 
to  the  low-pressure  cylinder.  The  engine  is  thus 
made  a  simple  engine  with  live  steam  admission 
and  independent  exhausts  for  each  cylinder,  as 
indicated  by  the  arrows  in  Fig.  149. 

The  reducing  valve  G,  when  in  use,  only  allows 
a  portion  of  the  full  pressure  to  pass  into  the 
receiver,  for,  when  the  pressure  in  the  intercepting 
valve  chamber  D  (Fig.  149)  becomes  equal  to 
about  half  that  of  the  boiler,  it  acts  against  the 
larger  left-hand  end  of  the  reducing  valve  and 
forces  it  closed — to  the  right — thereby  throttling 
the  steam. 

The  intercepting  valve  moved  ahead,  or  in  com- 
pound position,  as  in  Fig.  150,  holds  closed  the 
reducing  valve  G,  thus  shutting  off  the  live  steam 
supply  to  the  low-pressure  cylinder.  At  the  same 
time  it  closes  the  independent  exhaust  opening  B, 
instead  opening  the  ports  to  the  receiver  i^  and  con- 
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necting  the  high-pressure  exhaust  E  therewith 
around  the  stem  of  the  intercepting  valve.  As  the 
other  end  of  the  receiver  leads  to  the  low-pressure 
steam  chest,  the  high-pressure  exhaust  thus  be- 
comes the  supply  steam  for  the  low-pressure  cyl- 
inder and  the  engine  works  as  a  compound,  the 
flow  being  indicated  by  the  arrows,  Fig.  150. 

From  the  above  description  it  will  be  observed 
that  the  office  of  the  intercepting  valve  is  to  convert 
the  locomotive  from  simple  to  compound,  or  the 
reverse.  The  duty  of  the  reducing  valve  is,  when 
the  engine  is  working  single-expansion,  to  reduce 
the  live  steam  from  the  boiler  to  a  pressure  in- 
versely proportional  to  the  ratios  of  the  two  cyl- 
inders before  delivering  it  to  the  receiver  and  low- 
pressure  cylinder,  thus  making  the  crosshead  loads 
equal  on  each  side  of  the  engine. 

Accidents  to  Pittsburg  Conipounds. — If  the  engine 
broke  down  and  it  became  necessary  to  disconnect 
either  side,  could  the  engine  be  run  successfully 
on  one  side  ?  Yes,  it  would  be  more  powerful  than 
a  simple  engine  under  similar  circumstances  and 
could  develop  good  speed,  inasmuch  as  the  inde- 
pendent exhaust  ports  B  (Fig.  149)  are  of  con- 
siderable size. 

With  the  high-pressure  side  disconnected,  how 
should  the  engine  be  run?  The  intercepting 
valve  should  be  placed  in  simple  position  (as  in 
Fig.  149)  by  leaving  the  reverse  lever  in  full 
gear.  Live  steam  would  then  pass  through  the 
reducing  valve  to  the  low-pressure  cylinder  and 
exhaust  in  the  usual  way.  The  high-pressure 
valve  should,  of  course,  be  clamped  in  the  center. 
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If  the  low-pressure  side  were  disconnected, 
how  could  the  engine  be  run?  Clamp  the  low- 
pressure  valve  in  the  center  so  as  to  cover  all 
ports  and  work  simple,  with  engine  in  full  gear. 
Steam  would  then  be  admitted  as  usual  through 
the  steam  pipe  to  the  high-pressure  cylinder  and 
exhausted  through  the  intercepting  valve  cavity 
and  the  independent  exhaust  B,  Fig.  149. 

In  both  of  these  cases  what  would  be  necessary 
in  order  to  run  at  considerable  speed?  To  close 
the  small  valve  which  supplies  steam  to  the  op- 
erating device.  The  hand  lever  can  then  be 
used  for  operating  and  thus  the  reverse  lever 
hooked  up  to  a  shorter  cut-off.  The  intercepting 
valve  levers  should  be  securely  fastened  in 
simple  position. 

With  a  demolished  steam  chest  on  the  low- 
pressure  side,  could  the  engine  be  fixed  to  run  in 
any  way  different  from  such  an  accident  to  a 
simple  locomotive?  Yes.  Proceed  the  same  as 
before  described  when  the  low^-pressure  side  is 
disconnected,  except  that  the  reducing  valve  must 
now  be  held  closed.  This  could  be  done  by  tight- 
ening up  the  nuts  on  the  outside  stem  of  the 
reducing  valve,  or  by  inserting  washers  or  a  block 
under  them.  This  same  procedure  could  be  fol- 
lowed for  broken  valve  yoke,  or  valve  stem  bro- 
ken off  inside  of  steam  chest,  under  which 
circumstances  it  is  difficult  to  cover  ports  with- 
out taking  up  the  steam  chest  cover. 

What  should  be  done  if  the  reducing  valve 
became  broken?  Endeavor  to  start  compound, 
that  is,  with  the  lever  hooked  up  three  or  four 
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notches,  ])ut  if  necessary  to  run  simple,  use  very 
light  throttle  or  reduce  the  amount  of  boiler 
pressure  carried. 

If  the  packing  rings  in  the  intercepting  valve 
blew  badly,  how  could  it  be  detected?  First  see 
that  the  slide  valves  are  tight,  then  shut  off  the 
supply  of  air  or  steam  from  the  operating  cylin- 
der by  closing  the  small  globe  valve  in  the  cab, 
pull  the  intercepting  valve  clear  back  (by  means 
of  the  hand  operating  lever)  into  simple  position, 
as  in  Fig.  149,  and  open  the  throttle,  still  leaving 
the  valves  in  the  center.  The  blow  would  show 
in  the  stack.  However,  it  is  an  easy  matter  to 
remove  the  intercepting  valve,  by  taking  off  the 
back  cap,  and  examine  the  packing  rings,  and 
this  should  be  done  frequently,  that  no  broken 
pieces  may  catch  in  the  ports. 

With  this  design  of  compound,  is  it  necessary 
to  caution  the  engineer  against  the  bad  practice 
of  operating  the  engine  in  simple  position  for 
too  great  a  length  of  time,  or  at  high  speeds  ? 
No;  for,  if  the  small  valve  in  the  cab  which  sup- 
plies pressure  to  the  operating  device  be  open, 
to  run  the  engine  simple,  requires  that  the  reverse 
lever  be  at  full  stroke,  and  no  competent  man 
would  work  the  engine  thus  longer  than  neces- 
sary. 

In  starting,  where  should  the  reverse  lever  be 
placed?  In  full  motion  to  allow  the  intercepting 
valve  to  close  and  the  reducing  valve  to  open 
and  admit  live  steam  to  the  low-pressure 
cylinder. 


RICHMOND    COMPOUND. 


The  Richmond  compound  locomotive  (some- 
times termed  the  "Mellin"  system,  as  it  is  built 
under  those  patents)  is  also  of  the  two-cylinder  or 
cross-compound  type  and  belongs  to  the  class  of 


convertible  compounds.  The  large  low-pressure 
cylinder  is  placed  on  the  right-hand  side  of  the 
engine,  and  within  its  saddle,  as  shown  in  Fig.  151, 
is  located  the  special  valve  mechanism  by  which 

216 
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the  engine  starts  with  the  admission  of  live  steam 
to  both  cjiinders  and  thereafter  automatically 
changes  to  compound,  or  may  be  converted  back  to 
simple  any  time  at  the  will  of  the  engineer.  With- 
out any  movement  of  valves  by  the  engineer,  the 
locomotive  is  an  "automatic"  compound,  that  is, 
changes  to  working  compound  after  the  first  stroke 
or  two;  but  the  movement  by  him  of  a  three-way 
cock  in  the  cab,  causes  the  opening  of  a  separate 
exhaust  valve  (sometimes  called  the  "emergency 
valve")  for  the  high-pressure  cylinder,  and  thus 
the  engine  can  be  run  simple  as  long  as  he  thinks  it 
advisable,  or,  if  disabled,  can  be  brought  in  with 
one  side  like  a  single-expansion  locomotive. 

The  device  called  the  intercepting  valve  really 
consists  of  three  separate  and  distinct  valves,  as 
shown  in  Figs.  152  and  153. 

The  intercepting  valve  i^roper  is  marked  G  and 
is  a  double  poppet  valve  with  its  two  seats  of  un- 
equal areas,  and  has  a  stem  extending  back  and 
connecting  with  the  piston  P  of  an  air  dash-pot. 
The  intercepting  valve  moved,  or  opened,  as  in 
Fig.  153,  connects  the  receiver  E  with  the  low- 
pressure  steam-chest  port  L,  while  if  closed,  as  in 
Fig.  152,  it  cuts  off  this  communication  and  opens 
the  receiver  R  to  the  cavity  U. 

The  reducing  valve  is  a  long  annular  valve  sur- 
rounding the  intercepting  valve  stem  and  closes 
by  moving  to  the  left.  When  open,  it  admits  live 
steam  from  chamber  S  to  the  low-pressure  steam 
chest  cavity  L;  when  closed,  it  cuts  off  this  com- 
munication. 

The  separate  exhaust  or  "emergency"  valve  ^is 
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an  ordinary  bevel-seated  wing-valve  with  its  right- 
hand  end  in  the  form  of  a  piston.  Steam  pressure 
from  a  three-way  cock  in  the  cab,  if  admitted 
against  this  piston,  forces  the  separate  exhaust 
valve  open,  thereby  connecting  the  cavity  U  with 
the  main  exhaust  cavity  C;  without  pressure  on 
this  piston,  the  spring  F  again  seats  the  valve. 


l&/z/g  J'c^si^iO^es,  £7^^^/^e  Tr^r/fi/e^  Si/^z/s^e. 


The  reducing  valve  is  shown  heavily  cross-sec- 
tioned, the   intercepting  valve  is  next  as  dark. 

The  operation  of  the  valves  is  as  follows:  Sup- 
pose the  engine  to  be  at  rest  after  running  com- 
130und  with  the  valves  in  position  as  shown  in 
Fig.  153.  Upon  opening  the  engine  throttle,  steam 
passes  not  only  to  the  high-pressure  side  in  the 
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usual  manner,  but  also  through  a  branch  steam 
pipe  S  (Fig.  151)  to  the  annular  cavity  SS  (Fig. 
158),  bears  against  the  shoulder  e  of  the  reduc- 
ing valve  at  the  seat  B  (Figs.  153  and  154)  and 
forces  the  latter  valve  to  the  right,  and  with  it  the 
intercepting  valve,  to  the  position  in  which  they 
are  shown  in  Fig.  152.  As  soon  as  the  enlarged 
end  of  the  reducing  valve  passes  the  edge  //  of  the 


^./SS. 


port  L  (see  also  Fig.  154),  live  steam  is  admitted 
to  L  and  thence  to  the  low-pressure  cylinder,  as  in- 
dicated by  the  arrows.  As  w^e  assumed  the  engi- 
neer had  not  opened  the  separate  exhaust  valve,  it 
will  remain  closed  instead  of  open,  as  Fig.  152  show^s 
it;  otherwise  that  figure  would  show  the  valve  posi- 
tions at  this  stage.  Thus,  while  the  receiver  B  is  in 

17  vol  13 
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communication  with  the  cavity  V,  there  is  no 
outlet  from  the  latter,  and  one  or  two  exhausts 
from  the  high-pressure  cylinder  into  the  closed 
receiver  B  will  produce  suihcient  pressure  to  act 
against  the  larger  left-hand  face  of  the  inter- 
cepting valve  G  and  cause  it  to  move  to  the  left, 
shoving  with  it  and  closing  the  reducing  valve, 
as  shown  in  Fig.  153.  Now  the  receiver  pressure 
becomes  the  supply  for  the  low-pressure  cylinder 
as  shown  by  the  arrows,  and  the  engine  works 
compound  thereafter.  The  engine  will  start  all 
ordinary  trains  in  this  manner  but  if  the  train 


to  be  started  is  a  very  heavy  one,  or  such  a  train 
is  threatened  with  stalling  while  ascending  a 
heavy  grade,  the  handle  of  the  three-way  cock 
in  the  cab  should  be  turned  to  open  the  separate 
exhaust  valve  E.  This  would  vent  the  pressure 
in  chamber  JJ  to  the  main  exhaust  C,  as  indicated 
by  the  arrows  in  Fig.  152.  If  the  engine  were 
starting,  no  pressure  could  accumulate  in  the  re- 
ceiver B  on  account  of  this  vent  to  the  atmosphere, 
and  hence  all  valves  would  remain  as  in  Fig.  152 
and  the  engine  would  continue  to  work  simple 
until  such  time  as  the  engineer  closed  the  separate 
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exhaust  valve  E  by  means  of  his  cab  valve.  If, 
however,  the  engine  were  stalling  working  com- 
pound (Fig.  153)  and  the   engineer  opened  the 

^^^.  /SS. 


separate  exhaust  valve  E,  the  removal  of  press- 
ure from  chamber  L"  would  cause  the  intercepting 
valve  to  close,  assisted  by  the  live  steam  pressure 
on  the  reducing  valve  shoulder,  and  thus  all  valves 


T/ie  7?tc^77Z0?z^  Compoun/Z 
^  Hess  ^/«/fe 


would  remain  as  in  Fig.  152  until  the  engineer 
desired  to  work  compound  again.  Then  he 
would  simply  close  the  separate  exhaust  valve  E 
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and  permit  the  valves  to  automatically  assume 
compound  working  by  the  accumulation  of  press- 
ure in  the  receiver  B. 

The  annular  shaped  reducing  valve  appears  so 
much  like  an  inoperative  sleeve  around  the  in- 
tercepting valve  stem  that  the  se^Darate  sketch  is 
made  on  a  larger  scale  in  Fig.  154,  in  order  to  illus- 
trate its  principle  the  more  clearly.  Live  steam 
from  aS'  bearing  against  the  shoulder  e  would  force 
the  reducing  valve  from  the  position  in  the  cut  to 
the  right  until  shoulder  e  had  passed  the  edge  h 
of  the  chamber  L  and  live  steam  thus  be  admitted 
to  L  and  the  low-x)ressure  cylinder.  As  soon  as 
the  pressure  in  L  became  sufficiently  great,  say 
about  half  that  in  S,  the  valve  would  close 
partly  so  that  only  the  desired  proportion  of  the 
full  boiler  pressure  would  l)e  admitted  to  the 
low-pressure  cylinder. 

The  injurious  action  of  large  pistons  in  pump- 
ing air  when  the  engines  are  shut  off,  as  previously 
mentioned  under  "Classes  of  Compound  Locomo- 
tives and  their  General  Construction,"  is  prevented 
in  compound  engines  of  the  Richmond  type  by 
the  use  of  "by-pass"  valves  located  in  the  casting 
of  low-pressure  cylinder,  as  shown  in  Fig.  151, 
and  further  showm  in  detail  in  their  two  positions 
by  Figs.  155  and  156.  They  work  automatically 
by  the  oj)ening  and  closing  of  the  engine  throttle, 
their  construction  and  operation  being  as  follows: 
The  outer  ends  of  the  two  piston  valves  VV  are 
connected  by  the  passages  A  A  with  the  induction 
loorts  of  the  low-pressure  cylinder  and  their  inner 
ends  are  connected  by  the  passages  00  with  the 
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steam  x^orts.  The  pistons  PP  simply  act  in  the 
cavities  of  the  valves  as  dash-pots  to  prevent  slam- 
ming of  the  valves. 

Open  the  engine  throttle,  and  live  steam  from 
the  induction  ports  through  the  passages  AA 
drives  the  valves  VV  toward  each  other  against 
their  seats  and  communication  ])etween  the 
two  steam  ports  0  and  0  is  closed,  as  in  Fig.  156. 
With  the  throttle  closed,  the  least  vacuum  in  the 


steam  chest,  acting  at  A  A,  is  aided  by  compression 
in  the  cylinder  through  ports  00,  and  the  "by- 
pass" valves  move  outward  to  the  position  shown 
in  Fig.  155.  In  this  position  the  two  steam  ports 
00  are  connected  and  air  passes  freely  from  one 
side  of  the  piston  to  the  other — the  purpose  for 
which  they  are  applied. 

The  necessity  for  very  large  port  openings  for 
the  large  low-pressure  cylinders  w^as  mentioned 
under  the  general  discussion  of  compound  loco- 
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motives  and  it  was  there  stated  that  auxiliary 
ported  valves  of  the  "Allen"  type  were  used  to 
give  a  double  port  opening  to  the  cylinders  in  the 
early  part  of  the  admission  period. 

One  llichmond  design  of  slide  valve  employs 
this  auxiliary  port  not  only  for  double  early  ad- 
mission, but  also  to  give  a  double  opening  in  the 
early  exhaust  period.  Fig.  157  shows  the  design 
and  gives  the  dimensions.    It  will  be  noticed  that 


the  "Allen,"  or  supplementary,  port  is  much  wider 
at  the  seat  than  usual.* 

To  clearly  show  the  features  of  novelty  in  this 
valve  over  the  ordinary  slide  valve,  Figs.  158  and 
159  are  given.  The  arrows  in  Fig.  158  indicate  the 
double  exhaust  from  the  right-hand  end  of  the 
cylinder  during  the  early  exhaust  period.  In  Fig. 
159  the  arrows  indicate  similarly  the  ordinary 


*Letters  patent  have  been  granted  for  this  valve. 
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action  of  an  ''Allen"  ported  valve  in  giving  double 
admission  to  the  same  end  of  the  cvlinder  durinj? 
the  early  steam  period.  This  style  of  slide  valve 
has  been  in  use  on  locomotives  and  given  only  a 
six-inch  extreme  travel  of  valve  and  has  proven 
very  successful  in  keeping  down  the  back  press- 
ure, especially  at  high  speeds. 


Z^ar^^  ^amission  J^erzoci 


Accidejifs  to  Bichmond  Compoiinds. — In  case  of 
accident  on  the  road  requiring  the  engine  to  be 
run  in  with  one  cylinder,  what  should  be  done? 
Ordinarily,  open  the  separate  exhaust  or  "emerg- 
ency" valve  and  do  nothing  otherwise  differently 
than  with  a  simple  engine. 

In  case  the  engine  was  running  with  the  low- 
pressure  side  only,  why  do  you  instruct  to  open 
the  separate  exhaust  valve?  So  that  there  shall 
be  no  accumulation  of  pressure  in  the  receiver 
which  might  occur  in  case  of  a  leaky  slide  valve 
or  balance  strips  leaking  on  the  high-pressure 
side. 
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As  the  emergency  port  openings  are  small,  what 
could  be  done  in  order  to  obtain  considerable 
speed  in  case  the  break-down  occurred  in  passen- 
ger service?  Try  to  block  the  slide  valve  on  the 
disabled  side  in  an  extreme  position  so  as  to  un- 
cover the  exhaust  port. 

What  should  be  done  in  case  the  reducing 
valve  stuck  open  or  became  broken?  Care  should 
be  used  in  starting  by  opening  the  throttle  very 


oj 


slightly  and  the  engine  should  be  run  as  a  com- 
pound only.  If  it  had  to  be  run  simple,  the 
boiler  pressure  should  be  reduced  about  one-half. 

What  might  cause  the  reducing  valve  to  stick  ? 
Feeding  valve  oil  to  the  low-pressure  side  when 
the  engine  is  working  compound  and  there  is 
consequently  no  flow  of  steam  through  this 
valve. 

What  precaution  would  it  be  advisable  to  ob- 
serve in  case  the  intercepting  valve  became 
broken?     The  engine   should  be  run  compound 
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only  and  it  would  be  safer  not  to  stop  with  the 
low-pressure  side  on  center.  If  this  latter  pre- 
caution were  not  observed,  the  high-pressure 
piston  might  have  considerable  back  x^ressure 
upon  it  from  the  receiver,  should  the  intercepting 
valve  break  in  such  a  way  as  to  permit  live  steam 
from  the  reducing  valve  to  enter  the  receiver  in 
starting. 

What  prevents  slamming  of  the  intercepting 
valve  ?     The  air  dash-pot  connected  thereto. 

In  this  class  of  compounds,  why  are  the  cylinder 
neads  sometimes  dished,  or  not  flat,  as  is  usually 
the  case?  In  order  to  give  a  maximum  strength 
with  a  minimum  weight  of  piston,  these  builders 
frequently  use  a  piston  such  as  is  shown  in  Fig. 
160;  hence  the  cylinder  heads  conform  to  the 
shape  of  the  piston. 


ROGERS    COMPOUND. 

The  intercepting  valve  originally  employed  by 
the  Rogers  Locomotive  Works  for  their  system  of 
two-cylinder  compound,  was  placed  in  the  smoke- 
box  and  was  controlled  automatically  and  be- 
yond the  will  of  the  engineer.  In  starting,  by 
placing  the  reverse  lever  in  either  extreme  posi- 
tion, a  separate  reach-rod  with  suitable  levers 
was  made  to  open  the  reducing  valve  and  admit 
live  steam  from  the  boiler  to  the  low-pressure 
cylinder,  and  close  communication  between  the 
latter  and  the  receiver,  so  that  the  high-pressure 
cylinder  exhausted  into  a  closed  reservoir  or  re- 
ceiver. After  one  or  two  strokes  sufficient  pressure 
accumulated  in  the  receiver  to  automatically 
throw  the  intercepting  valve  into  position  for 
working  compound  and  the  hooking  up  of  the 
reverse  lever  closed  the  reducing  valve. 

The  succeeding  arrangement  used  by  these 
builders  is  fully  described  and  illustrated  in  what 
follows.  The  device  is  for  a  two-cylinder  or  cross- 
compound  locomotive,  and  is  placed  in  the  high- 
pressure  saddle  on  the  right  side  and  connected 
to  a  lever  in  the  cab  having  three  notches,  and  is 
operated  by  the  engineer  at  will.  As  long  as 
this  lever  remains  in  the  forward  notch  the  en- 
gine works  as  a  single  expansion  locomotive; 
the  back  notch  places  the  intercepting  valve  in 
compound  position,  while  the  middle  notch 
makes  an  automatic  compound,  that  is,  the  inter- 
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cepting  valve  works  the  engine  simple  for  a  few 
strokes  and  then  the  valves  automatically  assume 
the  compound  position.  Thus  this  engine  be- 
longs to  the  class  of  convertible  compounds. 

The  component  parts  of  the  device  are:  A  reg- 
ulating valve  (positively  controlled  by  the  cab 


lever  above  mentioned),  an  intercepting  and  a  re- 
ducing valve  (controlled  either  positively  by  the 
regulating  valve  or  at  times  automatically  by  the 
pressure  in  the  receiver),  and  a  separate  exhaust 
valve  (controlled  by  the  operating  valve).     The 
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intercepting  valve  has  two  positions,  one  for  work- 
ing compound  and  one  for  working  simple.  In 
the  former  position,  as  shown  in  Fig.  168,  the  high- 
pressure  cylinder  exhaust  is  connected  to  the  re- 
ceiver and  thence  to  the  low-pressure  side,  while 
in  the  simple  position,  as  shown  in  Fig.  162,  this 
communication  is  closed  and  the  high-pressure 
exhaust  directed  through  the  separate  exhaust 
valve  to  the  stack,  live  steam  at  the  same  time 
being  admitted  to  the  low-pressure  steam  chest 
through  the  reducing  and  the  intercepting  valves. 

To  somewhat  reduce  the  high  compression  that 
takes  place  in  the  large  low-pressure  cylinder 
when  running  at  high  speeds  without  steam — as, 
for  instance,  down  grades — a  by-pass  arrangement 
similar  in  some  respects  to  "La  Chatalier"  brake  is 
employed.  This  consists  of  an  automatic  device 
for  connecting  the  two  sides  of  the  low-pressure 
piston  when  steam  is  shut  off,  and  will  be  fully 
described  hereafter. 

Fig.  161  is  a  view  from  the  front,  showing  the 
high-pressure  cylinder  to  be  on  the  right-hand 
side  of  the  engine.  In  the  saddle  on  that  side 
are  shown  the  positions  of  the  regulating  valve 
and  the  intercepting  and  separate  exhaust  valves. 
The  location  of  the  by-pass  valve  on  the  low- 
pressure  cylinder  is  also  shown. 

Figs.  162  and  163  are  sectional  views  of  the 
special  valve  mechanism.  For  simplicity  in  ex- 
plaining their  working,  the  regulating  valve  is 
shown  as  though  it  were  located  directly  under- 
neath the  intercepting  valve  which  is  not  its  actual 
position    shown    in  Fig.  161.     The  intercepting 
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valve  is  composed  of  two  parts  bolted  together 
and  is  shown  cross-sectioned  more  heavily  than 
its  casing  while  the  reducing  valve  L  within  it  is 
distinguishable  by  its  still  darker  appearance.  Its 
principal  port  openings  to  the  receiver  and  from 
the  high-pressure  cylinder  exhaust  are  lettered 
and  the  direction  of  flow  through  them  is  indicated 
by  arrow^s,  that  an  understanding  may  be  the  more 
easily  arrived  at.  Port  G  is  an  annular  chamber 
around  the  intercepting  valve  cylinder  //  and  is 
connected  with  the  high-pressure  steam  pipe  in  the 
saddle  and  therefore  has  live  steam  pressure  when 
the  engine  throttle  is  open.  Between  G  and  the  in- 
tercepting valve  is  a  series  of  holes  marked  J. 
The  intercepting  valve  is  hollow^  and  has  two  se- 
ries of  holes  through  its  shell  at  P  and  Q,  the 
latter  being  to  the  right  of  the  reducing  valve  seat. 
Fig.  162  shows  the  intercepting  valve  closed  (to 
the  right)  on  its  seat  A,  and  the  reducing  valve 
off  its  seat  (open),  as  it  is  when  working  simple 
except  that  the  reducing  valve  L  is  then  brought 
near  enough  to  its  seat  to  the  left,  to  prevent 
more  than  about  one-half  the  boiler  pressure  from 
passing  through  it.  As  usual,  the  reducing  is 
accomplished  by  the  two  ends  of  the  reducing 
valve  L  being  of  different  diameters,  the  smaller 
end  having  its  outer  left-hand  side  always  con- 
nected to  the  atmosphere  through  small  ports 
marked  X  and  0,  while  the  outside  of  the  larger 
right-hand  end  is  exposed  to  the  receiver  press- 
ure when  in  operation,  as  in  Fig.  162.  The  left- 
hand  smaller  end  M  of  the  intercepting  valve 
works   in  a  cylinder    W,  while   the   right-hand 
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larger  area  of  the  intercepting  valve  is  exposed 
either  to  the  receiver  or  the  high-pressure  exhaust 
cavity,  according  to  the  position  of  the  valve. 
The  separate  exhaust  valve  is  located  in  a  cham- 
ber U  directly  connected  to  the  main  exhaust 
pipe  Z.  (See  Figs.  161  and  163.)  The  right- 
hand  end  of  the  separate  exhaust  valve  is  in  the 
form  of  a  piston  and  works  in  a  cylinder  T.  The 
outer  ends  of  these  two  cylinders,  W  and  T,  are 
connected  by  small  pipes  C  and  D  with  the  regu- 
lating valve,  as  shown  in  Figs.  162  and  163.  The 
stem  of  the  intercepting  valve  extends  over  into 
separate  exhaust  valve  and  forms  a  guide  to 
keep  both  valves  central,  and  also  serves  as  a 
dash-pot,  but  allows  each  valve  to  act  independ- 
ently of  the  other.  All  pistons  are  fitted  with 
packing  rings,  as  shown,  and  the  valve  seats  and 
ground  joints  are  so  indicated. 

The  regulating  valve  receives  steam  from  G 
through  a  small  port  X  and  therefore  has  live 
steam  whenever  the  engine  throttle  is  open.  The 
regulating  valve  consists  of  a  slide  valve  of  the 
well-known  "i)"  type  and  moves  on  a  seat  having 
two  steam  ports  and  one  exhaust  opening,  as 
usual  with  a  slide  valve.  Steam  admitted  through 
the  right  steam  port  and  pipes  DD  to  chamber  T 
would  bear  against  the  separate  exhaust  valve  and 
close  it,  as  in  Fig.  163.  Steam  through  the  left 
port  and  pipes  CC  to  chamber  W  would  force  the 
intercepting  closed,  as  in  Fig.  162.  If  the  engi- 
neer places  the  regulating  valve  lever  in  the 
forward  notch,  as  in  Fig.  162,  live  steam  entering 
the  regulating  valve  chamber  from  ports  G  and  X 
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finds  the  left  hand  port  uncovered  and  passes 
through  the  small  pipe  CC  to  the  cylinder  \V  (as 
indicated  by  arrows),  moving  the  intercepting 
valve  to  the  right  against  its  seat  A  and  thereby 
closing  communication  between  the  high-pressure 
cylinder  exhaust  port  and  the  receiver  R.  In 
this  position  live  steam  pressure  from  G  passes 
through  ports  JJ  and  PP  to  the  interior  of  the 
intercepting  valve,  automatically  opening  the 
reducing  valve  and  flowing  through  ports  QQ, 
enters  the  receiver  B,  the  other  end  of  which 
is  connected  to  the  low-pressure  steam  chest, 
as  shown  in  Fig.  161.  Thus  the  low-pressure 
cylinder  has  received  live  steam  at  a  reduced 
pressure  and  can  work  independently  of  the  high- 
pressure  cylinder,  as  its  exhaust  is  as  always  to 
the  stack.  The  intercepting  valve  now^  being- 
closed,  the  exhaust  from  the  high-pressure  cyl- 
inder (its  communication  to  the  receiver  being 
thereby  shut  off  )  forces  the  separate  exhaust  valve 
off  its  seat,  as  in  Fig.  162,  and  escapes  to  the  stack 
and  the  engine  works  simple,  or  with  a  live 
steam  admission  and  an  exhaust  to  the  atmos- 
phere on  both  sides.  The  separate  exhaust  valve 
remains  open,  as  shown  in  Fig.  162,  because 
chamber  T  is  connected  to  the  atmosphere 
through  pipe  DD,  the  under  side  of  the  regulat- 
ing slide  valve,  and  pipe  E — as  indicated  by  ar- 
rows. 

If  the  regulating  lever  in  the  cab  be  moved  to 
the  back  notch,  the  regulating  valve  takes  the 
position  shown  in  Fig.  163  and  will  then  admit 
steam    through   the   right-hand   pipe   DD,    into 
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chamber  T,  pushing  and  holding  the  separate  ex- 
haust valve  against  its  seat  /i,  and  at  the  same 
time  chamber  TFwill  be  in  exhaust  through  pipes 
CC  and  E,  as  indicated  by  arrows.  The  separate 
exhaust  valve  being  now  closed,  a  slight  pressure 
in  the  cavity  marked  "high-pressure  cylinder 
exhaust"  will  open  the  intercepting  valve,  that  is, 
move  it  off  its  seat  A  into  the  position  shown  in 
Fig.  163.  Then  the  high-pressure  cylinder  ex- 
hausts through  the  intercepting  valve  into  the 
receiver  and  thence  to  the  low-pressure  steam 


chest,  and  the  engine  works  compound.  No  live 
steam  from  j)oi'ts  GG  can  get  to  the  receiver  in 
this  position  as  the  ports  FF  are  not  in  register 
Avith  those  at  J  J. 

It  will  be  noticed  that  there  is  an  extended  flange 
on  the  face  of  the  intercepting  valve,  that  enters  the 
seat  of  the  latter  enough  before  closing  and  leaves 
it  sufficiently  late  in  opening,  to  prevent  live 
steam  from  flowing  through  poi-ts  FF,  QQ,  and  R 
to  the  high-pressure  cylinder  exhaust  port  when 
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the  intercepting  valve  is  opening  or  closing.  If 
the  engine  is  standing  and  the  regulating  valve 
is  moved  to  its  central  positioD,  as  shown  in  Fig. 
164,  when  the  throttle  is  opened  steam  will  pass 
through  both  pipes  CC  and  DD  to  the  outer  ends 
of  the  intercepting  and  the  separate  exhaust  valves 
respectiv^el}^  and  they  will  both  be  instantly 
closed  against  their  respective  seats  A  and  B, 
Figs.  162  and  163.  The  receiver  w^ould  then  be 
filled  with  steam  through  the  hollow  intercepting 
valve  and  the  reducing  valve,  as  indicated  by  the 
arrows  in  Fig.  162;  but  as  soon  as  the  pressure  at  the 
high-pressure  exhaust  port  became  about  twenty 
per  cent,  of  the  pressure  in  the  dry  pipe  at  the 
time,  the  intercepting  valve  would  be  opened  and 
thereafter  held  open  by  the  receiver  pressure  act- 
ing toward  the  left  on  the  large  right-hand  end 
of  the  intercepting  valve;  thus  a  slight  pressure 
on  the  large  area  of  this  valve  overbalances  the 
higher  pressure  on  the  smaller  left-hand  end  M 
in  chamber  W,  and  the  engine  automatically 
changes  to  compound  after  two  or  three  strokes, 
the  main  ports  being  oj)ened  as  in  Fig.  163. 

If  the  engine  had  been  working  simple,  with  the 
valves  as  in  Fig.  162,  and  the  operating  valve  lever 
were  placed  in  either  the  center  or  back  notch, 
the  working  would  automatically  be  changed  to 
compound;  if  in  the  center  notch,  it  would  take  a 
slight  accumulation  of  pressure  at  the  high-press- 
ure exhaust  port,  as  just  explained;  if  in  the  back 
notch  the  intercepting  valve  opens  with  almost  no 
pressure  from  the  high-pressure  exhaust  port  as 
then  chamber  TFis  in  exhaust  through  pipe  CC 
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and  the  regnlatin<2:  valve.  Subsequently  to  work- 
ing simple,  it  is  best  to  move  the  regulating  lever 
to  its  middle  position  (Fig.  164)  for  a  few  sec- 
onds without  closing  the  engine  throttle;  after 
that  it  can  be  moved  to  its  back  notch,  as  in  Fig. 
163,  and  left  there  until  it  is  desired  to  again 
start  simple  or  go  from  compound  to  single-ex- 
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pansion  in  order  to  prevent  stalling  on  a  heavy 
grade. 

Figs.  165  and  166  show  two  views  of  the  by- 
pass arrangement  which  is  placed  on  the  low-press- 
ure cylinder  in  the  position  shown  in  Fig.  161. 
It  consists  of  a  valve  F which  automatically  opens 
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and  closes  the  port  in  a  hollow  casting  bolted  to 
the  cylinder  and  connected  below  the  valve  seat 
at  K  and  L  with  the  steam  ports  of  the  low-press- 
ure cylinder,  as  illustrated  in  Figs.  165  and  166. 
The  hole  through  this  by-pass  casting  is  two 
inches  in  diameter.  In  Fig.  166  the  valve  Fis 
shown  dropped  down  in  its  chamber,  thus  leaving 
a  two-inch  open  communication  between  the 
steam  ports  and  hence  the  two  sides  of  the  low- 
pressure  j)iston.  A  small  pipe  from  the  live  steam 
port  in  the  saddle  of  the  high-pressure  cylinder 
leads  through  the  pi^De  S  to  the  under  side  of  this 
cylindrical  valve  V,  as  shown,  so  that  when  the 
engine  throttle  is  opened  the  valve  Fraisestothe 
top  of  its  chamber  and  shuts  off  all  communica- 
tion between  the  ports  K  and  L,  remaining  there 
as  long  as  the  high-pressure  cylinder  is  receiving 
steam;  but  when  the  throttle  is  closed,  it  falls 
again  by  gravity  and  is  thus  an  automatic  valve. 

Accidents  to  Rogers^  Compounds. — In  case  of 
break-down  on  one  side  of  this  engine,  can 
it  be  run  in  with  the  other  side?  Yes.  The 
reducing  valve  would  furnish  a  live  steam 
supply  for  the  low-pressure  cylinder,  or  the  sep- 
arate exhaust  valve  would  give  an  exhaust  open- 
ing for  the  use  of  the  high-pressure  cylinder, 
according  to  which  side  was  to  be  used;  hence,  in 
either  case,  general  instructions  would  be  to  place 
the  regulating  valve  in  its  extreme  forward  posi- 
tion, as  for  working  simple.  Fig.  162. 

Under  such  circumstances  would  the  engine 
be  as  powerful  as  a  simple  engine  on  one  side? 
Yes,  considerably  more  so  at  low  speed,  but  the 
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smaller  port  openings  than  usual  would  not  per- 
mit of  as  great  speed. 

As  there  are  three  notches  in  the  cab  for  the 
regulating  valve  lever,  how  should  this  be  handled 
when  it  is  desired  to  change  from  simple  to  com- 
pound, or  the  reverse?  It  is  not  advisable  to 
throw  it  from  forward  to  back  notch,  or  the  oppo- 
site, without  pausing  a  second  or  two  in  the  mid- 
dle notch  and  thereby  producing  a  more  gradual 
movement  and  causing  a  cushioning  of  the  in- 
tercepting and  se^Darate  exhaust  valves. 

Under  ordinary  circumstances,  in  what  posi- 
tion is  it  best  to  keep  the  regulating  valve?  In 
the  back  notch,  or  compound  position. 

How  should  a  light  train  be  started?  With 
the  regulating  valve  lever  in  the  center  notch. 
The  engine  starts  thus  as  an  automatic  com- 
pound. 

If  the  engine  actually  works  compound  in  the 
center  position,  why  is  that  not  advisable?  Be- 
cause in  that  position  the  opening  and  closing  of 
the  throttle  while  running  and  the  wide  varia- 
tions of  pressure  in  the  steam  pipe  and  receiver 
when  running,  would  cause  more  or  less  unneces- 
sary movements  of  the  intercepting  valve. 

When  running  the  engine  with  one  side,  in 
what  position  will  the  "by-pass''  valves  (Figs. 
165  and  166)  be  found?  No  matter  w^hich  side 
is  in  use,  live  steam  from  the  high-pressure 
steam  pipe  acts  to  keep  them  closed. 

What  kind  of  oil  should  be  used  in  the  oil 
cups  shown  in  Fig.  162?  Nothing  but  valve  oil 
and  that  regularly  but  not  too  often,  as  it  has  a 
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tendency  to  gum  the  valves  where  there  is  not  a 
constant  flow  of  steam. 

If  the  high-pressure  side  were  on  the  center, 
why  would  not  the  engine  move  with  the  operat- 
ing lever  in  compound  x>osition  (back  notch)? 
Because  then  the  valves  would  be  as  in  Fig.  1()3 
and  no  live  steam  could  be  admitted  to  the  low- 


pressure  cylinder.  This  would  not  be  the  case  in 
starting  with  the  regulating  lever  in  either  of 
the  other  two  notches. 


BROOKS    TWO-CYLINDER    COMPOUND. 

This  design  is  of  the  two-cylinder  or  cross-com- 
pound type,  built  under  the  Player  ijatents,  having 
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the  high-pressure  cj^linder  on  the  left  side  and  a 
receiver  in  the  smoke-box  between  the  two  cylin- 
ders, as  shown  in  Fig.  167. 

There  is  a  combined  admission,  pressure-regu- 
lating and  intercepting  valve  located  either  on 
the  receiver  in  the  smoke-box  as  shown,  or  in  the 
cylinder  saddle,  which  valve  upon  opening  the 
engine  throttle  admits  live  steam  at  a  reduced 
pressure  to  the  low-pressure  cylinder;  at  the  same 
time  the  intercepting  valve  automatically  closes, 
preventing  the  live-steam  pressure  from  working 
against  the  high-i)ressure  piston.  The  reducing 
valve  remains  open  until  the  pressure  in  the  re- 
ceiver, accumulating  from  the  high-pressure  ex- 
haust, becomes  equal  to  or  slightly  greater  than 
that  on  the  low^-pressure  side,  when  the  valve 
automatically  closes,  thereby  shutting  off  the  ad- 
mission of  live  steam,  and  the  intercepting  valve 
simultaneously  opens  the  receiver  to  the  low- 
pressure  steam  chest,  and  the  engine  works  com- 
pound thereafter  as  long  as  the  throttle  remains 
open. 

In  order  to  give  the  engineer  control  of  the 
locomotive  at  all  times,  controlling  valves  are 
provided  on  the  low  pressure  side.  In  the  illus- 
tration (Fig.  168)  these  valves,  A  and  B,  are  showm 
located  in  the  bottom  of  the  receiver  and  are  con- 
nected to  the  cab  by  suitable  levers  C  and  D. 
They  are  sometimes  made  larger,  connected 
higher  up  with  the  exhaust  pipe,  and  arranged 
as  to  work  automatically  in  combination  with  the 
intercepting  valve,  so  that  the  engine  can  be  run 
simple  as  long  as  desired  and  the  exhaust  take 


OPERATION  OF  COMPOUND  LOCOMOTIVES.        273 


f  w::  ^^■,^^^y  Ay, 


l\',  ^^^-:^  <■.■,■.  v\  ah  ■■ '^'  -A^^iutt  >.  >.  ■»  .i  >.  ••.  if-rr 


jq^  /6S 


^eceii^er 


.To  Cad 


^-J-l-^        |T-r; , 


ZP  Ci////ider 


L^^. 


y  ^\\\\\^\^\^^^^^^^^v^\^^^■l^.^a-^  ]  J 


BROOKS   T^VO-CYLINDER  COMPOUND. 


274        ENGINEERS'  AND  FIBEMEN^S  MANUAL. 

place  through  the  stack;  however,  its  builders 
have  claimed  the  design  here  shown  to  be  "all  that 
is  necessary  to  give  the  engine  its  maximum 
power." 

The  operation  of  the  locomotive  is  as  follows: 
When  the  engine  throttle  is  opened,  live  steam  is 


admitted  to  the  high-pressure  steam  chest  through 
the  steam  pipe  *S'  (Figs.  167  and  168)  and  op- 
erates upon  the  high-pressure  piston  in  the  usual 
manner.  At  the  same  time,  through  the  small 
steam  pipe  L,  steam  acts  against  the  seat  E  of 
the  reducing  valve,  then  closed  as  in  Fig.  170, 
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causing  this  valve  to  open,  passing  through  the 
hollow  portion  of  the  valve,  automatically  clos- 
ing the  intercepting  valve  against  its  seat  F  on 
the  receiver,  as  in  Fig.  169.  Steam  then  flows 
through  the  passages  in  the  intercepting  valve 
and  down  to  the  low-pressure  steam  chest,  as  in- 

^^  /70. 


dicated  by  the  arrows.  To  render  them  readily 
distinguishable,  the  reducing  or  regulating  valve 
is  cross-sectioned  very  heavily,  while  the  inter- 
cepting valve  is  less  dark  in  appearance. 

From  Figs.  169  and  170,  it  will  be  seen  that 
the  right-hand  end  of  the  reducing  valve  is  of 
larger  area  than  that  acted  upon  by  live  steam  at 
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its  seat  on  the  left-hand  end  E.  It  is  this  dif- 
ference that  causes  the  partial  closing  of  the 
valve,  thereby  throttling  the  steam  passing 
through  it  to  a  reduced  pressure.  These  areas 
being  about  two  to  one,  the  reducing  valve,  in 
order  to  equalize  the  work  of  the  two  cylinders 
in  starting,  prevents  more  than  about  one-half 
the  pressure  in  the  dry  pipe  from  passing  to  the 
low^-pressure  cylinder. 

As  soon  as  the  high -pressure  cylinder  has  ex- 
hausted sufficient  steam  into  the  receiver  to 
overbalance  the  reduced  live  steam  pressure 
holding  the  intercepting  valve  closed,  this  valve 
opens  automatically,  at  the  same  time  locking  the 
regulating  valve  against  its  seat  as  shown  in  Fig. 
170.  Exhaust  steam  from  the  high-pressure  cyl- 
inder then  flows  through  the  receiver  to  the  low- 
pressure  steam  chest,  as  indicated  by  the  arrows 
and  the  engine  works  compound.  The  receiver 
pressure  can  become  considerably  reduced  and 
still,  through  the  action  of  the  combined  valves, 
keep  the  pressure  regulating  valve  closed. 

Accidents  to  Brooks  Two-Cylinder  Compounds. — 
What  should  be  done  in  case  of  an  accident 
necessitating  the  removal  of  the  main  rod  on  the 
low-pressure  side?  Disconnect  that  side,  block 
the  crosshead  and  clamp  the  valve  in  center,  as 
wdth  a  simple  engine.  Open  wide  the  control- 
ling valves  underneath  the  saddle  and  run  in  with 
one  side.  The  exhaust  will  take  place  through 
these  valves.  To  obtain  a  larger  exhaust  opening 
than  the  controlling  valves  furnish  and  thus  per- 
mit of  more  speed  and  better  steaming  qualities, 
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attempt  should  be  made  to  place  the  slide  valve 
on  the  disabled  side  so  as  to  micover  the  exhaust 
port  and  thus  give  an  exhaust  through  the  stack. 

What  should  be  done  for  a  similar  accident 
to  the  high-pressure  side?  Just  the  same  as  for 
a  simple  engine.  There  being  then  no  exhaust 
into  the  receiver,  the  intercepting  and  reducing 
valve  would  admit  live  steam  to  the  low-press- 
ure cylinder  upon  opening  the  engine  throttle. 

What  mode  of  procedure  should  be  followed  in 
case  of  a  broken  valve  stem  or  rocker  arm?  Pro- 
ceed as  above,  according  to  which  side  was  broken. 

W^hat  should  be  done  if  the  interce^Dting 
valve  became  broken  so  as  to  leave  an  open- 
ing between  both  ends  of  the  receiver?  The 
proper  method  would  be  to  disconnect  the  small 
steam  pipe  L  (Figs.  167  and  168)  and  insert  a 
blind  gasket.  The  engine  could  then  be  started 
and  worked  only  as  a  "strictly  plain"  comi^ound 
and  should  not  be  stopped  with  the  high-pressure 
side  on  center,  as  no  live  steam  could  be  given 
the  low-pressure  cylinder  for  starting.  Without 
disconnecting  the  steam  pipe  the  engine  could  be 
run  in  with  part  of  a  train  by  reducing  the  boiler 
pressure  or  by  using  a  slightly  open  throttle,  in 
which  case  live  steam  from  the  reducing  valve 
would  pass  through  the  receiver  and  work  against 
the  high-pressure  piston  in  starting,  and  hence 
the  engine  should  not  then  be  stopped  with  the 
low-pressure  side  on  center. 

What  should  be  done  for  a  broken  reducing 
valve?  The  same  as  for  a  broken  intercepting 
valve. 
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Should  the  controlling  valves  fail  to  open, 
where  would  you  look  for  the  cause  of  the  trouble  ? 
They  operate  very  similarly  to  cylinder  cocks  and 
their  levers  becoming  disconnected  or  bent'  may 
cause  them  to  either  fail  to  open,  or  remain  con- 
tinually open,  as  the  case  may  be.  The  remedy 
is  obvious. 

BROOKS    FOUR-CYLINDER    TANDEM    COMPOUND. 

The  Brooks  (Player  System)  of  four-C3dinder 
compound  is  of  the  tandem  type,  that  is,  two 
cylinders  on  each  side,  one  ahead  of  the  other,  as 
shown  in  Fig.  109.  With  this  system  the  two 
low-pressure  cylinders  and  their  saddles  are  placed 
similarly  to  ordinary  single-expansion  cylinders, 
with  which  they  can  ahvays  be  made  inter- 
changeable. They  are  of  course  larger,  have  a 
different  style  of  steam  chest  and,  bolted  prefer- 
ably to  their  forw^ard  ends,  as  shown  in  Figs.  109 
and  171,  are  the  two  high-pressure  cylinders 
which  have  steam  chests  communicating  with 
the  steam  chests  of  the  low-pressure  cylinders 
with  an  enlargement  between,  all  together  form- 
ing a  receiver.  There  are  no  devices  in  the 
smoke-box  except  those  usual  to  single-expan- 
sion locomotives. 

The  steam  is  supplied  to  the  high-pressure 
valve  chest  through  suitable  pipes  connecting 
with  the  usual  steam  pipes  in  the  smoke-box,  and 
the  exhaust  from  the  low-pressure  cylinder  is 
through  the  usual  cavity  in  the  saddle. 

As  shown  in  Fig.  171,  the  low-pressure  cj^lin- 
ders  are  fitted   with  the  usual   balanced  slide 
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valves,  while  the  valves  for  the  high-pressure  cyl- 
inders are  of  the  piston  type  and  hollow,  having 
internal  admission  and  external  exhaust  edges. 
The  low-pressure  valve  is  controlled  by  the  usual 
eccentric  and  rocker  arms,  as  ordinary  with  simple 
engines.  It  is  rendered  advisable  to  have  an  in- 
ternal admission  with  the  high-pressure  valve  in 
order  to  lessen  the  cooling  of  the  steam  from  the 
boiler  as  well  as  for  constructive  reasons. 

On  account  of  the  high-pressure  valve  having 
internal  admission  and  the  low-pressure  valve 
having  external  admission  (the  latter  being 
usual  with  ordinary  slide  valves)  it  is  necessary 
that  these  valves  should  travel  in  opposite  direc- 
tions. This  is  accomplished  by  placing  in  the 
receiver  (as  shown  in  Fig.  171)  an  intermediate 
rocker  arm  A  which  is  connected  by  rods  to  both 
valves  and  has  arms  of  the  desired  ratio  to  give 
a  relatively  less  travel  to  the  high  than  to  the 
low-pressure  valve.  These  valves  are  so  propor- 
tioned that  w^hen  running  in  nearly  full  gear,  the 
high-pressure  cut-off  takes  place  later  in  the 
stroke  than  the  low-pressure  cut-off,  but  when  the 
engine  is  hooked  up  the  relative  time  of  cut-offs 
changes. 

The  pistons  of  both  the  high  and  the  low- 
pressure  cylinder  are  fitted  upon  the  same  piston 
rod,  the  intermediate  head  between  the  two 
cylinders  having  suitable  metallic  packing,  as 
shown  in  the  illustration. 

On  the  low-pressure  steam  chest  is  fitted  a  re- 
ducing and  starting  valve  w^hich  is  connected  with 
the  high-pressure  steam  pipe,  as  shown  with  the 
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reducing  valve  in  closed  position  by  Fig.  172. 
By  the  connection  of  a  rod  with  the  arm  of  the 
lift  shaft,  this  reducing  valve  is  automatically 
opened  whenever  the  reverse  lever  is  placed 
either  in  full  forward  or  full  back  gear.  In  the 
intermediate  positions  of  the  reverse  lever,  this 
reducing  valve  is  locked  to  its  seat  by  a  suitable 
spring,  so  that  it  is  rendered  inoperative  and  the 
engine  must  necessarily  work  compound  at  all 


■^fi/<frjiZ£i/'<fri/j/¥jra/4t^ 


times  and  under  all  conditions  of  steam  pressure 
when  the  reverse  lever  is  in  any  other  position 
than  full  gear.  Fig.  172  show^s  the  range  of  the 
lift  shaft  arm  for  the  starting  valve  to  be  either 
open  or  closed.  This  combined  starting  and  re- 
ducing valve,  when  open,  permits  live  steam  to 
enter  the  low-pressure  cylinder  at  a  pressure 
equivalent  to  the  maximum  pressure  obtained  in 

19  vol  la 
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this  cylinder  when  the  engine  is  working  com- 
pound. As  soon  as  the  engine  has  made  one 
complete  revolution,  the  receiver  becomes  charged 
sufficiently  by  the  exhaust  from  the  high-pressure 
cylinder  to  close  the  reducing  valve  against  its 
spring,  thus  automatically  rendering  the  starting 


valve  inoperative  and  thereby  necessitates  the 
compound  working  of  the  engine.  The  reducing 
valve  on  a  larger  scale  is  shown  in  open  or  start- 
ing position  by  Fig.  173. 

The  engine  operates  in  the  following  manner: 
Steam  is  admitted   to   the   high-pressure  steam 
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chest  through  suitable  pipes,  into  the  annular 
steam  admission  cavity  surrounding  the  high- 
pressure  piston  valve,  thence  to  the  high-pressure 
cylinder,  and  exhausts  into  the  receiver — the  ex- 
haust from  the  forward  end  of  the  cylinder  pass- 
ing through  the  inside  of  the  hollow  i3iston  valve. 
The  low-pressure  steam  chest,  being  also  of  large 
size,  somewhat  increases  the  receiver  capacity,  so 
that  practically  uniform  pressure  is  maintained 
therein,  steam  from  the  receiver  being  admitted 
to  and  exhausted  from  the  low-pressure  cylinder 
by  an  ordinary  slide  valve  which  gives  a  dis- 
tribution in  that  cylinder  in  the  same  manner  as 
for  simple  engines. 

This  style  of  comi30und  has  •  been  in  operation 
for  several  years  and,  the  builders  state,  shows  an 
excellent  economy  in  fuel,  water,  and  repairs. 

Accidents  to  Brooks  Four-Cylinder  Tandem  Com- 
pound.— What  would  you  do  if  it  became  neces- 
sary to  disconnect  one  side  of  the  engine?  The 
same  as  with  a  simple  engine  of  similar  design 
in  other  respects. 

In  case  the  front  head  of  the  high-pressure 
cylinder  became  broken,  how  would  you  proceed 
in  order  to  run  the  engine  in  with  a  full  train? 
Remove  the  front  steam  chest  head,  place  the 
reverse  lever  so  as  to  throw  the  high-pressure 
valve  clear  ahead,  disconnect  the  high-pressure 
valve  and  its  intermediate  rocker-arm  rod  (Fig. 
171)  and  block  this  valve  securely  in  the  center 
so  as  to  cover  all  ports;  then  block  the  starting 
valve  open  on  that  side,  thereby  allowing  live 
steam  at  a  reduced  pressure  to  enter  the  low- 
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pressure  cylinder.  This  will  enable  the  engineer 
to  slowly  handle  a  full  train,  but  should  not  be 
so  run  for  any  distance  or  the  high-pressure  cyl- 
inder will  be  badly  cut.  In  the  lighter  service  of 
passenger  trains,  the  engine  would  be  capable  of 
greater  speed  by  disconnecting  the  broken  side, 
blocking  the  valves  in  the  center  of  their  seats, 
and  running  with  one  side,  as  would  be  done  with 
a  simple  engine. 

If  the  intermediate  rocker  arm  or  the  valve  rod 
should  break  what  should  be  done?  Broken  at 
some  certain  points,  the  engine  might  be  treated 
as  for  broken  high-pressure  cylinder  head;  but 
the  preferable  procedure,  all  things  considered, 
would  be  to  disconnect  on  that  side  and  be  sure 
to  block  both  valves  over  ports,  to  do  which  it 
may  be  necessary  to  remove  front  steam  chest 
head  and  block  the  high-pressure  valve  inside. 

In  disconnecting  one  side  of  these  engines, 
should  it  be  imperative  to  securely  block  the 
crosshead?  It  should,  because  of  the  difficulty 
of  securely  holding  the  high-pressure  valve  in  its 
central  position. 

How  could  it  be  determined  if  the  metallic 
piston-rod  packing  between  the  two  cylinders 
were  blowing  badly?  Place  the  engine  with  one 
side  on  the  upper  quarter  and  the  reverse  lever 
in  the  center,  block  open  the  starting  valves,  and 
open  the  cylinder  cocks  and  the  throttle.  If  no 
steam  escapes  from  either  the  high  or  low-press- 
ure cylinder  cocks,  it  has  been  determined  that 
the  valves  are  not  leaking.  Now  close  the 
throttle  and  remove  blocks  from  reducing  valve, 
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put  the  reverse  lever  in  about  half  forward  gear 
and  allow  all  steam  previously  admitted  to  the 
pipes  to  escape  from  the  open  cylinder  cocks. 
Again  open  the  throttle  and,  as  steam  will  then 
be  admitted  behind  the  high-pressure  piston  only, 
a  blow  through  the  forward  low-pressure  cylinder 
cock  would  indicate  that  this  packing  was  blowing. 
The  same  operation  should  be  repeated  for  test- 
ing the  other  side. 

Should  the  engine  fail  to  develop  its  proper 
starting  power  in  full  gear,  what  might  be  wrong? 
Open  the  cylinder  cocks,  with  the  throttle  open 
and  the  engine  standing,  and  if  steam  at  no  con- 
siderable pressure  escapes  from  the  low-pressure 
cylinder,  examine  the  attachments  connecting  the 
reverse  lever  with  the  starting  valves;  they  oper- 
ate similarly  to  the  ordinary  cylinder  cock  ar- 
rangement and  may  likewise  become  defective 
and  thus  fail  to  open  the  reducing  valve. 


COOKE   COMPOUND. 


The  compound  arrangement  for  two-cylinder 
locomotives  built  by  the  Cooke  Locomotive 
Works  is  such  that,  by  means  of  a  small  steam 


Fig.  174.    Cooke  Compound. 


operating  valve  in  the  cab,  the  engine  can  be 
run  either  simple  or  compound  as  the  engineer 
may  desire,  and  is,  therefore,  a  convertible  com- 
pound. This  operating  valve  admits  steam  to 
suitable  pistons  which  open  and  close  the  inter- 
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cepting  valve  and  operate  the  reducing  valve  by 
a  suitable  lever  connection.  The  intercepting 
valve  is  placed  on  the  right-hand  side  of  the  en- 
gine within  the  saddle  of  the  low-jDressure  cyl- 
inder and  in  the  passages  HE,  leading  from  the 
receiver  to  the  low-pressure  cylinder,  as  shown 
in  Fig.  174;  it  also  has  two  connecting  ports  AA, 
leading  into  the  main  exhaust  to  the  stack.  By 
the  movement  of  this  valve,  steam  from  the  high- 
pressure  cylinder,  coming  through  the  receiver, 
can  be  thrown  out  to  the  atmosphere  instead 
of  being  allowed  to  pass  to  the  low-pressure  cyl- 
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inder  for  compound  expansion.  This  movement 
makes  an  independent  engine  of  the  high-press- 
ure side  and  at  the  same  time  opens  a  reducing 
valve  D,  Fig.  174,  which  supplies,  at  a  reduced 
pressure,  live  steam  from  the  boiler  to  the  low- 
pressure  steam  chest.  The  high-pressure  cylinder 
always  exhausts  into  the  receiver,  and  the  ex- 
haust from  the  low-pressure  cylinder  is  direct  to 
the  stack  with  either  simple  or  compound 
working. 

The  reader  will  notice  a  novelty  in  the  shape 
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of  an  additional  low-pressure  cut-off  lever  G^ 
located  in  the  cab,  as  shown  in  Fig.  174.  This 
lever  is  sometimes  api^lied  to  Cooke  engines  of 
this  class  and  is  used  to  increase  or  decrease  the 
travel  of  the  slide  valve  on  the  low-pressure  side 
independently  of  the  valve  on  the  high-pressure 
side,  in  order  to  equalize  the  power  developed  on 
opposite  sides  of  the  engine  under  variable  con- 
ditions of  steam  pressure  and  different  positions 
of  the  reverse  lever. 


I 

I? 
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*^  ^  Coo/ee  Compound 

The  intercepting  valve  is  composed  of  two 
pistons  in  duplicate,  as  shown  in  Figs.  174,  177 
and  178,  each  part  being  moved  by  a  piston  F  in  a 
separate  chamber.  Figs.  175  and  176  show  one- 
half  of  the  valve  removed  from  its  chamber.  It 
will  readily  be  seen  from  Fig.  174,  that  live 
steam  from  the  engineer's  valve  V  in  the  cab  can 
be  supplied  through  two  small  pipes  S  and  C  to 
either  the  outer  or  the  inner  sides,  respectively, 
of  these  two  pistons  FF,     Ports  BB  are  passages 


OPERATION  OF  COMPOUND  LOCOMOTI YES.       289 


from  the  receiver  and  ports  EE  lead  to  the  low- 
pressure  steam  chest. 

To  start  the  engine  with  single  expansion  or 
to  run  it  thus  at  an}^  time,  the  engineer  pulls  the 
handle  of  his  engineer's  valve  V  in  the  cab  to  the 
back  notch.  This  admits  live  steam  through  the 
small  pipe  S  (Fig.  174)  to  outside  ends  of  the  two 
pistons  FF,  thereby  moving  them  and  their  at- 
tached intercepting  valve  pistons  until  the  two 
latter  come  together,  the  position  in  which  they 

I 
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are  shown  on  a  larger  scale  in  Fig.  177.  In  this 
position  the  intercepting  valve  has  closed  the 
ports  EE  to  the  low-pressure  cylinder,  and  the 
high-pressure  exhaust  into  the  receiver  can  pass 
out  from  ports  RB,  through  the  hollow  intercept- 
ing valves  and  escape  to  the  atmosphere  by 
exhaust  ports  ^^  leading  to  the  main  exhaust,  as 
indicated  by  arrows.  The  extended  and  slotted  stem 
of  the  left-hand  intercepting  valve  piston /*X shown 
in  Figs.  174  and  175)  in  moving  to  the  right  has 
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pulled  with  it  the  crank  lever  K(Y'\g.  174)  and 
opened  the  reducing  valve  D  which,  by  a  con- 
necting pipe  tapped  into  the  main  steam  passage 
of  the  high-pressure  side,  admits  live  steam  to 
the  low-pressure  steam  chest  through  pipe  J. 

When  the  engineer  desires  to  work  compound, 
he  pushes  the  handle  of  the  engineer's  valve  V  in 
the  cab  to  the  forward  notch,  therebj^  admitting 
steam  through  pipe  C  (Fig.  174)  to  the  inner 
sides  of  the  two  intercepting  valve  pistons  FF 
and  forcing  them  and  their  valves  outward,  as 
shown  in  Fig.  178.  In  this  position  the  x)assage 
is  opened  from  the  receiver  through  the  inter- 
cepting valve  ports  BR  and  EE  to  the  low- 
pressure  steam  chest  (See  Fig.  174).  The  out- 
ward movement  of  the  pistons  FF  has  shut  off  the 
admission  of  live  steam  to  the  low-pressure  cyl- 
inder by  closing  the  reducing  valve  D,  and  the 
steam  must  now  pass  from  the  high-pressure  cylin- 
der through  the  receiver  and  the  low-pressure  cyl- 
inder to  the  exhaust  or,  in  other  words,  the  engine 
works  compound. 

Each  stem  between  the  operating  pistons  FF 
and  the  intercepting  valve  pistons  has  an  enlarge- 
ment B  (Figs.  175,  177  and  178)  which  fits 
loosely  into  a  chamber  of  the  intercepting  valve 
bushing  and  thus  forms  an  air  dash-pot,  thereby 
preventing  the  slamming  of  the  valves  when 
their  positions  are  changed. 

The  stem  of  the  piston  F  which  extends  back 
to  operate  the  reducing  valve  D  is  slotted  out,  as 
shown  in  Fig.  175,  so  as  not  to  engage  the  valve 
crank  K  (Fig.  174)  until  after  the  intercepting 
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valve  has  closed  the  ports  EE.  Thus  the  live 
steam  used  in  the  low-pressure  cylinder  in  starting 
cannot  reach  the  high-pressure  side  through  the 
receiver  and  produce  a  back  pressure  on  the  high- 
pressure  piston. 

The  builders  state  that  in  case  of  accident  to 
either  side  of  the  engine,  the  opposite  side  may 
be  run  for  any  length  of  time  as  a  simple  engine 
by  disconnecting  and  blocking  the  injured  side  in 
the  same  manner  as  for  single-expansion  loco- 
motives. 


DICKSON    COMPOUND. 

The  Dickson  Locomotive  Works'  compound  is 
built  under  the  Dean  patents  which  cover  special 
valves  both  for  automatic  and  for  convertible 
compounds,  but,  inasmuch  as  the  practical  infor- 
mation is  based  on  the  mechanism  for  the  former 
class  only,  the  detailed  description  will  be  con- 
fined to  the  automatic  compound. 

The  starting  and  intercepting  valves  are  placed 
on  top  of  the  high-pressure  steam  chest  on  the 
right  side  of  the  engine.  Upon  opening  the  throt- 
tle for  starting,  live  steam  is  admitted  to  both 
cylinders,  but,  after  a  stroke  or  two,  the  inter- 
cepting valve  automatically  opens  and  the  engine 
works  compound  thereafter. 

The  high-pressure  exhaust  port  Q  (  Fig.  1 79  )  is  in 
the  balance  shield  of  a  Richardson  balanced  valve 
P,  having  its  top  removed,  and  thus  the  exhaust 
steam  from  the  high-pressure  cylinder  passes  up 
through  it  and  the  intercepting  valve  G  to  the 
receiver  and  low-pressure  cylinder,  when  the  in- 
tercepting valve  G  is  open.  Beneath  the  seat  R, 
intercepting  valve  G,  is  a  port  E^  leading  to  the 
chamber  E. 

The  receiver,  as  usual  with  cross-compounds,  is 
located  in  the  smoke-box,  but  its  shape  is  out  of 
the  ordinary.  It  is  made  very  large  and,  between 
its  connections  with  the  high  and  the  low- 
pressure  saddles,  branches  into  two  forks,  each  of 
which  is  oval  and  has  metal  ribs  lengthwise  with 
the  pipes.     Fig.  180  shows  a  section  through  this 

292 


OPERATWX  OF  COMPOUND  LOCOMOTIVES.       293 


double  portion  of  the  receiver.  The  object  of  the 
designer  has  been  to  obtain  a  very  large  heating 
surface,  so  as  to  re-evaporate  some  of  the  water 


Z^/i/e       K  c 


Ta^c. 


/^^^^^^^^ 


JTJ^.  C^lz7zc^e?^ 


condensed  in  the  high-pressure  cylinder  as  it 
passes  with  the  exhaust  steam  through  the  re- 
ceiver to  the  low-pressure  side.     From  the  re- 
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ported  economy  of  these  engines,  it  would  seem 
that  the  object  has  been  largely  attained. 

Referring  to  Figs.  179  and  181,  it  will  be  seen 
that  the  intercepting  valve  G  is  fastened  to  the 
annular  stem  H  having  an  enlarged  top  above 
the  space  B  which  is  constantly  filled  with  air 
pressure  or  live  steam  from  the  pipe  C  when  the 
engine  throttle  is  open,  and  hence  sleeve  H  will 
be  found  at  the  top  of  its  travel,  as  illustrated, 
after  the  engine  has  started. 

The  operation  is  as  follows:  Open  the  throttle 
for  starting  and  live  steam  enters  the  high- 
pressure  steam  chest  from  the  induction  ports  1 

P'ig.JSO. 


—  JDicJ(Sor\.€yontp' 

CvQf^  Section  Throti^'^Tiec^Uer'' 

(Fig.  179)  as  usual  and  besides  has  a  connec- 
tion to  F  through  the  top  of  the  steam  chest,  as 
shown.  There  being  no  pressure  in  the  receiver 
(to  which  chamber  E  is  connected  through 
the  open  intercepting  valve  G),  the  weight  of 
N  will  have  caused  the  converting  valve  L 
to  drop  down,  and  thus  the  live  steam  passes 
through  valve  L  into  the  tube  AJ.  Port  K  ad- 
mits steam  to  the  enlarged  top  of  the  annular 
stem  H,  forcing  the  intercepting  valve  G  down  on 
its  seat  B  and  bringing  the  ports  D  in  the  stem  H 
opposite  the  ports  J  of  the  central  steam  tube  A, 
thus  admitting  live  steam  through  them  to  the 
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receiver  and  low-pressure  steam  chest.  With  the 
intercepting  valve  G  closed  (down),  the  first 
high-pressure  exhaust,  acting  in  chamber  E 
through  the  port  I?,  causes  piston  N  to  lift  and 
close  the  converting  valve  L  (as  shown  in  Figs. 
179  and  181),  thereby  shutting  off  the  supply  of 
steam  from  F  to  the  central  tube  AJ.     What 


steam  remains  in  this  tube  escapes  through  the 
relief  port  M  and  allows  the  intercepting  valve  G 
to  move  up  (open)  by  live  steam  pressure  from 
the  pipe  C  acting  in  the  annular  cavity  B,  as 
hereinbefore  described,  assisted  by  the  high- 
pressure  exhaust  below  G.  The  engine  then 
works  compound,  as  live  steam  is  shut  off  from 
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the  low-pressure  cylinder  and  the  exhaust  from 
the  high-pressure  cylinder  takes  its  place. 

The  engine  above  described  is  an  automatic 
compound,  that  is^  starts  with  live  steam  in  both 
cylinders  but  after  the  first  stroke  changes  auto- 
matically to  compound. 

The  inventor  of  this  system,  in  a  design  not 
shown,  introduces  a  reducing  valve  in  the  central 
tube  A  and  adds  a  separate  exhaust  valve  operated 
by  live  steam  from  a  three-way  cock  in  the  cab, 
thus  making  a  compound  of  the  convertible  class, 
but  at  the  same  time  he  does  not  advise  convert- 
ible construction  in  compounds. 

Accidents  to  Dickson  Coynpounds. — What  should 
be  done  in  order  to  run  the  engine  in  with  the 
low-pressure  side  only?  Nothing  different  from 
a  simple  engine,  but  the  boiler  pressure  carried 
should  be  reduced  about  one-half  or  else  the 
engine  throttle  opened  very  slightly. 

How  could  the  engine  run  with  the  high-press- 
ure side  only?  There  being  no  means  of  exhaust 
except  into  the  receiver,  the  low-pressure  valve 
would  have  to  be  placed  so  as  to  uncover  the 
exhaust  port  or,  if  that  were  found  to  be  impos- 
sible, the  valve  entirely  removed. 


RHODE    ISLAND    COMPOUND. 

The  type  of  compound  locomotive  built  by  the 
Rhode  Island  Locomotive  Works  is  sometimes 
known  as  the  ^'Batchellor"  system,  that  being 
the  name  of  the  inventor  of  the  device. 

In  the  saddle  of  the  low-pressure  cylinder  on 
the  left  side  of  the  locomotive  is  located  an  inter- 
cepting and  a  reducing  valve  and  in  the  smoke- 
box  a  separate  high-pressure  exhaust  valve. 
When  the  throttle  is  opened,  the  engine  starts 
with  live  steam  in  both  cylinders.  With  the 
separate  exhaust  valve  closed  the  engine  auto- 
matically changes  to  compound  in  the  course  of 
a  complete  revolution;  with  it  open,  the  engine 
continues  to  work  as  a  simple  engine  as  long  as 
desired.  This  separate  exhaust  valve  is  operated 
at  the  will  of  the  engineer  by  means  of  a  three- 
way  cock  in  the  cab ;  and  thus  the  engine  belongs 
to  the  class  of  convertible  comx30unds. 

Fig.  182  shows  a  vertical  section  lengthwise 
through  the  intercepting  valve,  with  the  latter  in 
the  position  when  the  engine  is  either  starting 
or  being  run  as  a  single-expansion  locomotive. 
Fig.  183  shows  the  same  section  with  the  inter- 
cepting valve  in  compound  position.  R  is  the 
receiver  port;  *S'  is  a  connection  from  the  main 
steam  pipe;  L  is  a  port  leading  to  the  low-press- 
ure steam  chest,  and  i?  is  a  reducing  valve.  The 
intercepting  valve  is  composed  of  the  four  pistons, 
1,  2,  3  and  4,  of  which  the  last  works  in  an  oil 
dash-pot  C. 
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If  the  engine  had  stopped  after  running  com- 
pound with  the  valve,  as  in  Fig.  183,  and  the  en- 
gine throttle  were  then  opened,  live  steam  from 
the  pipe  S  would  force  the  intercepting  valve 
into  simple  position  as  shown  in  Fig.  182,  because 
piston  2  is  larger  than  piston  L  In  this  latter 
position  small  port  D  is  open  and  steam  from  S 
passes  through  it  and  the  reducing  valve  B  to 
the  low-pressure  side.  Piston  3  has  now  closed  the 
communication  with  the  receiver  R  in  which  one 


^^^^s^^^^ss 


or  two  exhausts  from  the  high-pressure  cylinder 
soon  produces  sufficient  pressure  to  react  on  this 
piston  3,  bearing  the  intercepting  valve  to  the 
left  against  the  differential  pressures  on  pistons 
1  and  2  acting  in  the  opposite  direction,  and  the 
valve  is  shifted  to  compound  position,  as  in  Fig. 
183,  in  which  position  no  more  live  steam  can 
pass  through  port  D  to  the  low-pressure  side,  and 
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the  receiver  R  is  connected  through  port  L  with 
the  low-pressure  steam  chest,  for  which  it  forms 
the  supply  thereafter,  as  indicated  by  the  arrows. 

The  port  leading  from  the  live  steam  supi^ly  S 
into  the  intercepting  valve,  is  larger  than  it 
appears  from  the  illuvStrations,  as  it  extends  partly 
around  the  circumference  of  the  valve. 

The  separate  exhaust  valve  shown  in  Figs.  184 
and  185  is  placed  on  the  receiver  m  the  smoke- 


m 


s^ 


h 


'>V^T^i777^ 


box  and,  when  opened  by  pressure  through  pipe 
P  leading  from  a  three-way  cock  located  in  the 
cab  and  under  the  control  of  the  engineer,  con- 
nects the  receiver  with  the  main  exhaust  iDipe. 
The  opening  of  this  valve  will  thus  permit  the 
high-x)ressure  exhaust  to  escape  and  there  will 
bp  no  accumulation  of  ]Dressure  in  the  receiver. 
Hence,  from  the  previous  explanation,  it  will  be 
seen  that  the  intercepting  valve  remains  in  sim- 
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pie  position  (Fig.  182)  until  such  time  as  the 
engineer  closes  the  separate  exhaust  valve,  when 
a  stroke  of  the  engine  automatically  changes  the 
mechanism  to  compound  position,  as  before  de- 
scribed when  starting. 

The  operation  of  the  separate  exhaust  valve, 
shown  in  Figs.  184  and  185,  is  very  simple.  Press- 
ure admitted  from  the  cab  through  pipe  P, 
moves  the  valve  Ffrom  its  closed  position  (Fig. 
185)  to  the  right  and  vents  the  receiver  pressure 
direct  to  the  exhaust  pipe,  as  indicated  by  the 


jpH^.lSd. 
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arrows,  Fig.  184.  Withdrawing  the  pressure 
from  the  pipe  P,  allows  the  receiver  pressure  to 
automatically  move  and  hold  closed  the  valve  V, 
as  in  Fig.  185. 

Accide)its  to  Rhode  Island  Compound. — If  it  be- 
came necessary  to  disconnect  either  side,  how 
should  the  engine  be  run?  Disconnect  properly, 
observing  the  same  precautions  advised  for  sim- 
ple  engines,   then   open   the    separate    exhaust 
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valve  so  that  no  pressure  can  accumulate  in  the 
receiver.* 

What  would  you  do  with  a  broken  intercept- 
ing or  reducing  valve?  Open  the  separate  ex- 
haust valve  and  run  with  very  light  throttle,  or, 
preferably,  carry  a  reduced  boiler  pressure. 

Would  the  working  of  the  engine  be  affected 
if  the  separate  exhaust  valve  V  were  broken? 
Probably  not;  but,  if  it  left  an  opening  ]jetween 
the  receiver  and  the  exhaust,  the  engine  would 
run  as  a  simple  locomotive  only^ 


*As  remarked  elsewhere  in  relation  to  designs  having  a  sep- 
arate exhaust  valve,  if  it  were  the  high-pressure  side  that  was 
disconnected,  it  would  not  be  necessary  to  open  the  separate  ex- 
haust valve  unless  there  was  some  leakage  of  steam  into  the 
receiver. 
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APPENDIX  A. 

AIR     BRAKE     TESTS. 

The  following  tests  made  by  the  general  man- 
ager of  a  large  railroad  in  the  south,  clearl}^ 
demonstrate  that  the  air  brake  used  alone  is 
better  than  the  brakes  with  the  reverse  lever,  or 
than  the  reverse  lever  alone. 

The  table  of  these  tests  here  produced  is  taken 
from  the  published  reports  of  the  A  ir  Brake- 
men's  Association  Proceedings  for  1895: 

Conditions  of  the  test  were  as  follows: 

Driving  brake  power,  seventy  per  cent;  tender, 
one  hundred  per  cent;  N.  C.  &  St.  L.  coaches, 
ninety  per  cent;  Pullman  Sleeper,  forty  to  one 
hundred  and  one  per  cent. 

Boyer  speed  recorder  was  used  and  tests  were 
made:  first,  brakes  applied;  second,  engine  re- 
versed; third,  sand  lever  opened.  Track  was 
level,  in  best  possible  condition,  and  all  circum- 
stances favorable. 

From  the  record  of  tests  the  following  valu- 
able information  was  derived: 

First.  Best  stops  are  made  with  braking  power 
not  quite  strong  enough  to  skid  wheels. 

Second.  Length  of  stop  is  the  same  in  re- 
versing the  engine  whether  cylinder  cocks  are 
opened  or  closed. 
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Third.  The  wheels  did  not  lock  rigidly  when 
the  engine  would  reverse  without  the  brakes  being 
used. 

Fourth.  The  tests  demonstrated  that  the 
brakes  used  alone  are  better  than  with  the 
engine  being  reversed.  The  stop  is  quicker,  and 
there  are  no  flat  spots  obtained. 

Fifth.  Enough  sand  is  much  better  than  too 
much. 

Sixth.  Sand  should  be  used  before  wheels  start 
skidding,  as  its  use  will  not  start  the  wheels  re- 
volving when  once  skidding;  it  will  simply  in- 
crease the  flat  spots. 

Seventh.  Sand  being  used  on  a  straight  track, 
the  drivers  did  not  lock  when  the  engine  was  re- 
versed, but  on  a  curve  they  would.  On  a  curve 
the  engine  rocks,  and  sand  is  not  so  likely  to 
strike  the  rail. 

Eighth.  In  expected  emergencies,  the  drivers 
did  not  lock  when  sand  was  used  before  brakes 
were  applied  and  engine  reversed,  but  it  took  so 
long  to  get  the  sand  running  first,  that,  in  the  end, 
the  stop  was  not  made  as  quickly  as  with  unex- 
pected emergencies  where  the  engine  was  not 
reversed. 

Ninth.  The  unexpected  emergencies  are  the 
ones  that  bear  the  most  weight,  as  expected 
emergencies  are  practically  unheard  of. 
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DESCRIPTION    OF    TESTS. 

1.  Emergency  stops,  train  running  at  ^twenty 
miles  per  horn*. 

2.  Emergency  stops,  train  running  at  *forty 
miles  per  hour. 

3.  Applying  brakes,  while  train  was  standing 
still  to  show  rapidity  of  application. 

4.  Emergency  stops,  train  running  at  *forty 
miles  an  hour. 

5.  Service  stops,  and  time  of  release.  Exhi- 
bition of  smoothness  of  ordinary  stop  and  time  of 
release. 

6.  Hand  brake  stops  at  ^twenty  miles  per 
hoar  with  five  brakemen  at  their  posts.  At  Buf- 
falo there  were  seven  brakemen. 

7.  Breaking  train  in  two. 

8.  Emergency  at  "^twenty  miles  per  hour,  the 
brake  leverage  having  been  increased  to  give  the 
quickest  stop  possible.  In  the  seven  previous 
tests  the  usual  safe-braking  power  was  used. 

9.  Emergency  stop  at  *forty  miles  per  hour, 
same  leverage  was  test  8. 

10.  A  train  of  twenty  freight  cars  and  a  train 
of  twelve  ordinary  passenger  coaches,  run  along 
beside  each  other  on  parallel  tracks,  each  being 
about  the  same  weight  and  length  of  trains,  and  the 
brakes  applied  at  the  same  time.  This  shows  the 
relative  stopping  power  of  the  old  and  the  new 
brakes. 

*Speed  attempted;  actual  speeds  attained  are  given  in  state- 
ment and  as  read  from  speed  gauge  on  engine.  Fractions  of 
miles  and  sections  are  omitted.  Two  engines  were  used  in  mak- 
ing tests  at  St.  Paul,  and  one  in  other  tests. 
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PRINCIPLE    OF    THE    AIR    PUMP. 

Note. — In  Volume  I.  Railway  Equipment  the  air  pump  is 
referred  to,  but  not  minutely.  For  that  reason  it  has  been 
thought  well  to  embody  a  particular  description  of  it  here  in  con- 
nection with  the  Engineers^  and  Firemen's  Manual,  as  it  in 
every  ease  forms  a  part  of  their  examinations  in  regard  to  fit- 
ness, or  in  the  absence  of  such  examinations  is  of  value  to  them 
as  explaining  a  part  of  their  work.  The  information  is.  there- 
fore, embodied  here  for  the  purpose  of  making  a  more  thorough 
exposition  of  the  subject.  M.  M.  K. 

SUPPLEMENTARY     REMARKS. 

The  air  pump  used  in  compressing  the  air  for 
the  use  of  the  automatic  air  brake  is  placed  on 
the  locomotiv^e,  usually  on  the  engineer's  side  of 
the  boiler  and  immediatel}^  in  front  of  the  cab, 
although  it  is  occasionally  located  similarly  on 
the  left-hand  side.  It  is,  however,  becoming 
more  and  more  the  practice  to  place  a  pump  on 
each  side  of  the  locomotive,  so  that  there  will  be 
one  in  reserve  should  the  other  fail. 

When  we  consider  the  many  efforts  made  to 
reduce  engine  failures  and  understand  that  an  air 
pump  failure  almo.st  invariably  results  in  a  delay 
which  is  charged  up  against  the  locomotive  depart- 
ment as  an  engine  failure,  it  seems  as  though  it 
would  be  advisable  to  place  two  pumps  on  all 
locomotives  or  employ  some  such  device  as  the 
Sweeney  Brake,  illustrated  and  described  else- 
v/here. 

(311) 
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The  air  pump  is  a  vertical  compressor,  consist- 
ing of  two  main  cylinders,  the  upper  one  being 
the  steam  cylinder  and  the  lower  one  the  air 
cylinder.  They  are  connected  by  a  center  cast- 
ing, through  which,  in  properly  designed  stuffing 
boxes,  runs  the  piston  rod  connecting  the  main 
steam  piston  above  with  the  air  piston  below. 
On  top  of  the  steam  cylinder  is  the  steam  head 
which  contains  practically  all  of  the  valve  motion 
of  the  nine  and  one-half  inch  pump;  it  will  be 
evident  from  this  last  fact  alone  that  this  form 
of  pump  is  superior  to  the  former  six-inch  and 
eight-inch  pumps  not  only  because  of  its  larger 
size,  but  also  because  these  smaller  pumps  have 
a  portion  of  their  valve  mechanism  in  the  main 
steam  cylinder  casting  of  the  pump;  thus  it  will 
be  seen  that,  by  the  removal  of  the  top  head  of 
the  nine  and  one-half  inch  pump,  an  entire 
change  of  the  valve  mechanism  is  effected,  and 
it  is  this  portion  of  a  pump  that  is  most  likely  to 
become  defective. 

These  two  smaller  sizes  of  pumps  (six  and 
eight  inches  in  diameter,  respectively,)  are  being 
so  generally  supplanted  by  the  larger  (nine  and 
one-half  inch  size)  that  it  is  not  considered 
necessary  herein  to  describe  their  operation, 
although  it  differs  but  slightly  from  that  of  the 
latter. 

To  those  not  wishing  to  go  into  the  details  of 
an  explanation  of  the  complete  cycle  of  the 
movement  of  the  nine  and  one-half  inch  pump, 
the  following  brief  exposition  of  its  principle  is 
given: 
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Fia.Ki. 


F/G.Ka. 


Nine  and  One-half  Inch  Air  Pump. 


60.— Top  Head,  complete.  81. 

61.— Steam  Cylinder,  complete.  83.- 

62.— Center-piece,  complete.  84.- 

63.— Air  Cylinder,  complete.  85. 

64.— Lower  Head.  86. 

65.— Steam  Piston  and  Rod.  87. 

66.— Air  Piston,  complete.  88.- 

68.— Piston  Rod  Nut.  89.- 

69.— Reversing  Valve  Plate.  95.- 

71.— Reversing  Valve  Rod.  96.- 

75.— Main  Valve  Bushing.  97.- 

76.— Main  Piston  Valve,  complete.  98.- 

77.— Main  Valve  Piston,  Large  Head.  10.\ 

79.— Main  Valve  Piston,  Small  Head.  106.- 
SI  vol  18 


-Main  Valve  Stem. 

-Main  Slide  Valve. 

-Right  Main  Valve  Cylinder  Head. 

-Left  Main  Valve  Cylinder  Head. 

-Air  Valves. 

-Air  Valve  Seats. 

-Air  Valve  Cages. 

-Valve  Chamber  Caps. 

-Stufflns^  Boxes. 

-Stuffing  Box  Nuts. 

-Stuffing  Box  Glands. 

-Air  Cylinder  Oil-cup. 

-Drain  Cocks. 

-Air  Strainer. 
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FIG.K2. 


Nine  and  One-half  Inch  Air  Pump. 


60.— Top  Head,  complete. 
61.— Steam  Cylinder,  complete. 
62.~Center-piece,  complete. 
63  —Air  Cylinder,  complete. 
64.— Lower  Head. 
65.— Steam  Piston  and  Rod. 
69.— Reversing  Valve  Plate. 
71.— Reversing  Valve  Rod 
72.— Reversing  Valve. 
73.— Reversing  Valve  Chamber  Bush- 
ing. 


74. 
75. 
83. 


95. 
96. 
97. 
105 
106. 


-Reversing  Valve  Chamber  Cap. 
-Main  Valve  Bushing. 
—Main  Slide  Valve. 
-Air  Valve  Cages. 
—Valve  Chamber  Caps. 
-Stuffing  Boxes. 
-Stuffing  Box  Nuts. 
-Stutflng  Box  Glands. 
—Drain  Cocks. 
—Air  Strainer. 
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Each  upward  and  each  downward  stroke  of  the 
steam  piston  causes  a  corresponding  movement 
of  the  air  piston  in  the  lower  cylinder.  In  this 
air  cj^linder  are  two  sets  of  valves  that  lift  when- 
ever the  pressure  below  them  is  greater  than  that 
above;  thus  both  the  top  and  the  bottom  sides  of 
the  air  piston  have  valves  to  admit  air  from  the 
atmosphere  when  the  piston  is  receding,  and  this 
valve  closes  as  soon  as  the  piston  reverses;  the 
dir  that  is  drawn  in  on  the  previous  stroke  is  then 
compressed  until  the  pressure  in  the  air  cylinder 
is  greater  than  the  pressure  in  the  main  reser- 
voir, when  the  discharge  valve  is  lifted  from  its 
seat  and  this  compressed  air  discharged  to  the 
main  reservoir.  There  is  one  upper  and  one 
lower  discharge  valve.  The  pump  is  double  act- 
ing, discharging  and  drawing  in  air  at  one  or  the 
other  side  of  the  air  piston  on  both  the  up  and 
the  down  stroke. 

To  move  the  air  piston  the  steam  must  be 
alternately  admitted  first  to  one  side  and  then  to 
the  other  of  the  steam  piston  in  the  upper  cylin- 
der. This  admission  is  regulated  by  the  valve 
motion  of  the  upper  head  which  consists  of  a 
slide  valve  covering  two  steam  ports  leading  to 
either  side  of  the  steam  piston  and  an  exhaust 
port  leading  to  the  atmosphere.  On  top  of  this 
slide  valve  is  always  steam  pressure  when  the 
pump  is  working;  but  this  downward  pressure  of 
the  steam  on  the  slide  valve  would  effect  no 
change  of  its  position  without  some  form  of  valve 
motion,  so  there  are  two  small  pistons,  one  on 
either  side  of  the  slide  valve,  attached  to  the  ends 
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of  a  stem  having  two  collars  between  which  this 
small  slide  valve  is  held  and  thus  shifted  back 
and  foiih  in  the  same  manner  as  an  eccentric 
would  reverse  the  positions  of  its  ordinary  ''D" 
slide  valve  on  a  steam  engine.  These  two  pistons 
that  operate  the  slide  valve  are  of  different  diam- 
eter and  consequently  when  the  same  pressure 
per  square  inch  is  bearing  on  their  inside  surfaces 
the  greater  piston  is  going  to  overcome  the 
smaller  and  pull  the  slide  valve  in  its  direction 
thereby  uncovering  a  port  and  admitting  steam 
to  the  under  side  of  the  main  steam  piston  and 
forcing  it  upward  while  at  the  same  time,  by 
means  of  the  cavity  underneath  the  slide  valve, 
the  upper  side  of  the  steam  piston  is  connected 
with  the  atmosphere  through  an  exhaust  port. 
When  the  main  piston  approaches  its  upper  ter- 
mination it  engages  with  a  stem  which  moves  a 
very  small  slide  valve  in  the  upper  head  and 
allows  steam  to  pass  to  the  outside  of  the  larger 
main-valve  piston.  This  pressure  on  the  outside 
of  the  larger  piston  just  balances  the  pressure  on 
its  inside  and  lep.ves  the  pressure  on  the  smaller 
piston  to  effect  the  movement  of  the  stem  and 
slide  valve  in  its  direction,  thereby  reversing  the 
pump  by  permitting  live  steam  to  enter  the  steam 
cylinder  above  the  piston  and  allowing  the  ex- 
haust steam  from  below  the  piston  to  escape  to 
the  atmosphere  through  the  under  side  of  the 
slide  valve.  We  have  now  completed  a  revolu- 
tion of  the  pump  and  only  have  to  place  the  valve 
motion  in  the  position  in  which  they  were  found 
when  starting  the   pump  (as  in  Fig.  K^.^     This 
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is  done  by  the  engaging  of  the  main  piston  with 
the  same  reversing  stem  that  it  struck  on  ap- 
proaching its  upper  limit,  only  now  it  is  at  the 
approach  to  its  downward  termination  that  it 
pulls  doAvn  this  stem,  thereby  drawing  its  small 
slide  valve  with  it,  which  valve  permits  the  steam 
previously  admitted  to  the  outer  side  of  the 
larger  slide-valve  piston  to  escape  to  the  atmos- 
phere through  suitable  ports.  Hence  the  situa- 
tion is  as  at  first  found — with  a  larger  and  a  smaller 
piston  acted  upon  from  the  inside  in  opposite 
directions  and  no  pressure  on  their  outside  sur- 
faces; the  larger  one  overcomes  the  smaller  and 
draws  the  slide  valve  to  the  j)osition  as  at  the 
outset.     (See  Fig.  K\) 

As  these  ports  are  not  large,  it  is  easy  to  see 
how  small  an  object  it  would  take  to  obstruct 
the  passage  of  steam  and  consequently  cause  the 
pump  to  stop  the  same  as  though  some  part  were 
broken.  That  is  the  reason  that  the  use  of  noth- 
ing but  metallic  gaskets  is  advised  in  the  steam 
connections  to  the  air  pump. 

THE  NINE  AND  ONE-HALF    INCH    IMPROVED  AIR  PUMP. 

As  will  be  seen  by  reference  to  Figs.  K^  and 
and  TT^  of  the  accompanying  cut,  the  valve  mo- 
tion of  the  pump  consists  of  two  pistons,  77  and 
79,  of  unequal  diameter,  mounted  on  the  rod  81, 
while  a  slide  valve  83,  of  the  "/)"  type,  held  in 
position  between  them  provides  for  the  distribu- 
tion of  steam  to  the  upper  and  lower  sides  of  the 
main  steam  piston  65,  as  required.     Steam  enters 
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the  pump  at  X,  where  a  suitable  stud  and  nut 
admits  of  direct  attachment  to  the  pump  gov- 
ernor, and  by  means  of  passages  a  and  a^,  and 
port  a^  is  admitted  to  the  slide  valve  chamber  A 
between  the  two  pistons  77  and  79  which  (by 
reason  of  the  greater  area  of  the  former)  it  forces 
to  the  right  to  the  position  in  which  the  valve  is 
shown  in  Fig.  1,  thus  admitting  steam  through 
ports  h  and  passages  h^  and  Ir  to  the  under  side 
of  the  main  piston  65  and  forcing  it  upward, 
while  the  steam  previously  used  on  the  opposite 
side  in  forcing  the  main  piston  65  downward  is 
exhausted  to  the  atmosphere  through  passage  r, 
port  c\  and  cavity  B  of  the  slide  valve  83,  port  d 
and  passage  cV-  and  fP  at  the  connection  Y,  from 
whence  it  is  conveyed  by  a  suitable  pipe  to  the 
smoke-box  of  the  locomotive. 

In  Fig.  K^  is  shown  the  outside  view  of  the 
main  valve  bushing  75  giving  the  several  ports 
and  steam  passages  therein,  of  which  port  t  com- 
municates between  chamber  E  in  the  main  valve 
head  85  and  the  exhaust  passage  /\  and  hence  is 
in  constant  communication  with  the  outside 
atmosphere,  relieving  the  pressure  on  the  surface 
of  the  main  valve  piston  79  exposed  to  chamber 
E.  A  reversing  valve  72  operates  in  chamber 
C  in  the  center  of  the  steam  cylinder  head  (Fig. 
K^),  steam  being  supplied  thereto  from  slide 
valve  chamber  A  through  ports  e  and  e\  and 
which  is  given  motion  through  the  medium  of  a 
rod  71  extending  into  the  space  k  of  the  hollow 
main  piston  rod.  The  duty  of  this  valve  is  that 
of  admitting  steam  to  and  exhausting  it  from 
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space  D  between  main  valve  piston  77  and 
the  head  84,  and  is  shown  in  Fig.  2  in  position  to 
exhaust  the  steam  previously  used,  from  the 
space  D  through  port  h  (Fig.  K^),  port  k^  (Fig. 
i?^),  reversing  valve  cavity  H  and  ports  /  and 
/^  to  the  main  exhaust  ports  d  and  (V-  and  cP. 

It  will  at  once  be  apparent,  having  described 
how  the  surfaces  of  main  valve  pistons  77  and 
79,  exposed  in  chambers  D  and  E,  respectively, 
are  free  from  pressure  other  than  the  atmosphere, 
that  the  steam  on  the  insides  of  these  pistons  in 
chamber  ^1  is  exerting  a  force  against  both  pistons, 
but  the  total  force  to  the  right  is  the  greater  on 
account  of  the  greater  area  of  the  larger  piston 
77.  This  effect,  however,  is  reversed  when  the 
main  piston  65,  approaching  the  upward  termina- 
tion of  its  stroke,  strikes  the  shoulder,  y,  of 
the  reversing  valve  rod  71,  forcing  the  rod  and 
its  valve  72  upward,  causing  the  admission  of 
steam  from  chamber  C  to  chamber  D  through 
ports  (J  and  g^  (Fig.  K^),  thus  balancing  the 
pressure  on  both  sides  of  the  main  valve  piston 
77,  so  that  the  steam  in  chamber  A,  acting  upon 
the  effective  inside  area  of  the  main  valve  piston 
79,  forces  it  to  the  left  and  live  steam  is 
again  admitted  to  the  upper  side  of  the  main 
steam  piston  65  (while  the  steam  below  piston 
65  is  allowed  to  exhaust),  and  thus  forcing  it 
downward  until  at  the  lower  termination  of  its 
stroke  the  button  head  on  the  lower  end  of  the 
reversing  valve  stem  71  comes  in  contact  with 
the  reversing  valve  plate  69,  again  moving  re- 
versing valve  72  to  the  position  shown  in  Fig.  K^, 
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thereby  completing  the  cycle  of  its  move- 
ment. 

Coincident  with  the  reciprocal  movements  of 
the  main  steam  piston  65,  the  air  piston  66  is 
moved  by  means  of  the  main  piston  rod  (also 
lettered  65)  and  air  from  the  outside  atmosphere 
is  drawn  alternately  into  the  respective  ends  of 
the  air  cylinder  63  through  the  screened  inlet 
106  at  W,  chamber  I\  and  receiving  valves  86  to 
the  left,  Fig.  K\  and  from  thence  discharged 
under  pressure  through  discharge  valves  86  to 
the  right.  Fig.  K^  to  chamber  G  and  the  main 
reservoir  to  which  the  pump  should  be  connected 
by  one  and  one-fourth  inch  pipe  at  Z.  The  lift  of 
the  receiving  and  discharge  valves  86  should  be 
three  thirty-seconds  of  an  inch. 

This  pump  should  receive  as  great  care  as  that 
recommended  for  all  previously  designed  pumps. 
The  admonition,  however,  to  use  0}ily  a  very  small 
amount  of  oil  in  the  air  cylinder  will  bear  repeat- 
ing. Ample  provision  is  made  for  drainage  by 
means  of  two  cocks,  Figs.  105,  IC  and  K^,  located 
in  the  steam  passages  a  and  h^,  which  should  be 
left  open  in  starting  the  pump  and  in  winter  at 
all  times  when  the  pump  is  not  working. 
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THE    LOCOMOTIVE    LUBRICATOR. 

Although  many  engines  (notably  marine  en- 
gines using  distilled  feed  water)  have  been  run 
successfully  without  cylinder  lubrication  other 
than  that  of  the  steam  that  is  condensed  about  the 
walls  of  the  chamber,  as  higher  boiler  pressure 
became  used  in  locomotive  practice  it  was  found 
advisable  to  employ  oil  in  the  lubrication  of  the 
cylinders. 

The  boiler  of  a  locomotive  is  probably  forced 
more  at  times  and  more  steam  is  taken  from  it 
in  a  given  time  than  from  that  of  any  other  boiler 
of  the  same  size.  This  causes  priming  and  more 
or  less  of  the  water  is  carried  with  the  steam  into 
the  cylinders.  Hence,  if  the  water  has  much  of 
any  incrustating  matter  in  solution,  much  of  it 
reaches  the  valves  and  valve  seats,  the  pistons 
and  cylinders,  and  results  in  cutting  these  surfaces 
to  a  considerable  extent,  even  with  the  most 
approved  methods  of  lubrication. 

The  original  method  employed  for  oiling  the 
valves  and  cylinders  was  by  means  of  an  oil  cup 
located  on  top  of  the  steam  chest  through  which 
cup  oil  could  be  supplied  to  the  valves  and  cylin- 
ders below  whenever  steam  was  shut  off. 
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Am  Brake  Lubricator— Sectional  View.    (Nathan.) 


1. — Condenser. 

5. — Reducing  or  Choke  Plug. 

9. — Sight-Feed  Glass. 

9a.— Sight-Feed  Nozzle. 
18. — Regulating  Valve. 
22.— Oil  Pipe. 
23.— Water  Pipe. 
32.— Steam  Valve. 
34. — Condenser  Tube. 
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This  necessitated  the  engineer  or  fireman  going 
to  the  front  end  of  the  engine  and  pouring  oil 
in  these  two  cups — one  or  either  side.  This  was 
neither  convenient  nor  always  safe.  About  the 
year  1864  the  next  improvement  made  was  in  the 
placing  of  these  oil  cups  in  the  cab  and  connect- 
ing them  by  sloping  pipes  to  either  steam  chest. 
Thus  the  oil  could  be  supplied  by  the  enginemen 
without  their  leaving  the  cab. 

After  many  designs  of  hand  oilers  had  been 
used,  the  necessity  for  an  even  flow  of  oil  to  valves 
and  cylinders  of  locomotives  was  met  in  the  year 
1872  by  the  introduction  of  the  steam-chest  oiler 
that  could  be  filled  and  an  adjustment  made 
whereby  a  constant  and  controllable  flow  of  oil 
was  had. 

In  1883  the  first  r/o?r>^  f/ro/9-/^ef/ lubricator  made 
its  appearance,  one  being  provided  for  each  cyl- 
inder. These  lubricators  were  located  in  the  cab 
with  pipes  leading  to  each  steam  chest. 

In  1885  this  was  changed  to  the  up  drop-feed, 
one  lubricator  for  each  cylinder  being  used,  how- 
ever, until  1886,  when  the  double  si gJtt  feed  luhri- 
cator  was  put  in  use.  From  the  time  of  the  intro- 
duction of  the  air  brake  and  consequent  use  of 
the  air  pump  up  to  1888,  a  sepai'ate  lubricator 
was  used  for  air  pump  lubrication.  In  that 
year,  however,  another  feed  was  added  to  the 
cylinder  lubricator  making  it  a  triple  sight  feed 
lubricator,  as  at  present  used. 
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Fig.  39. 


Triple  Sight-Feed  Loco^viotive  Cylinder  and  Air  Brake 
Lubricator.    (Nathan.) 

A— Filling  Plug. 

B— Steam  Valve. 

C,  C,  C— Regulating  Valves. 

D— Water  Valve. 

E — Condenser. 

F,  F,  F— Safety  Valves. 

O,  O,  O— Auxiliary  Oilers. 

W— Waste  Cock. 


appendix  c. 
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Triple  Sight-Feed  Locomotive  Cylinder  and  Air  Brake 
Lubricator— Sectional  View.    (Nathan.) 

1. — Condenser. 

2.— Filling  Plug. 

3. — Auxiliary  Oiler. 

4.— Safety  Oiler. 

5. — Reducinff  or  Choke  Plug. 

8 — Stud  Nut. 

9. — Sight-Feed  Glass. 

9a. — Sight-Feed  Nozzle. 
10.— Upper  Sight  Bracket  (for  cylinder) 
10a — Upper  Sight  Bracket  (for  air  brake) 
11. — Lower  Sight  Bracket  (for  cylinder.) 
11a. — Lower  Sight  Bracket  (for  air  brake.) 
18. — Regulating  Valve. 
19.— Bottom  Plug. 


326 


APPENDIX  G. 


Fig.  41. 


G-'W 


Triple  Sight-Feed  Locomotive  Cylinder  and  Air  Brake 
Lubricator.     (Detroit.) 


A — Oil  Reservoir. 

BB— Auxiliary  Oilers. 

C— Connection  for  Boiler  Pressure. 

D— Water  Valve. 

EE — Regulating  Valves. 

F — Condenser. 

G — Drain  Valve. 

HH— Sight-Feed  Glasses.     ' 

I — Regulating  Valve  for  Air  Pump. 

K — Sight-Feed  Glass  for  Air  Pump. 

M — Steam  Valve  for  Boiler  Pressure. 

O— Filler  Plug. 

R— Steam  Connection  to  Air  Pump. 

S — Tallow  Pipe  Connection  to  C5^1inder. 
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INTRODUCTION. 

What  follows,  while  seemingly  uninviting, 
represents  long  continued  labor  and,  taken  in 
connection  with  what  precedes  it,  completes  the 
subject  of  railway  carriage.  It  is  at  once  an 
Index  and,  in  many  respects,  an  Encyclopedia  or 
key  to  the  door  of  railway  knowledge.  By  its 
aid  the  student  may  pick  out  from  the  woven 
fabric  the  particular  thread  he  seeks  and  follow 
its  devious  windings  through  the  different  divi- 
sions of  the  railway  service  with  which  it  is 
connected  and  thus  obtain  a  connected  view  of 
every  subject,  no  matter  how  trivial  it  may 
seem. 

I  do  not,  of  course,  claim  that  I  have  exhausted 
the  subject.  If  a  man  could  do  this,  there  would 
never  be  but  one  book  written  on  a  subject;  but, 
fortunately,  what  one  man  writes  only  serves  to 
stimulate  the  ambition  and  broaden  the  minds 
of  others.  I  have  discovered  this  in  my  own 
experience.  Some  of  my  books  have  been  re- 
written many  times.    What  they  represent  today 
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is  an  evolution,  not  only  in  railway  affairs  but  in 
my  own  life  and  experience  as  a  writer.  In  my 
early  experience  I  called  in  from  the  publishers 
and  burned  many  hundreds  of  books  because  I 
became  dissatisfied  with  them.  What  seemed  at 
first  worthy  of  being  printed,  I  discovered  upon 
reflection  and  further  investigation  to  be  grossly 
deficient,  hence  the  books  called  in  and  burned, 
to  be  re- written  and  burned  again  and  again. 
However,  they  served  as  a  guide  until,  finally,  I 
have  been  able  to  write  something  that  seems  to 
me  worthy  of  being  read.  I  hope  that  I  may  not 
be  alone  in  this  belief,  but  that  my  readers  may 
feel  that  after  many  years  of  effort  I  have  written 
something  worthy  of  their  perusal. 
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[Explanatory  Note.— In  consulting  this  general  index  the  reader  will 
note  that  following  each  subject  are  Roman  numerals;  these  refer  to  the  par- 
ticular volume  of  the  series  to  which  reference  is  made;  the  Arabic  figures 
following  denote  the  page.    Thus  an  item  as  follows; 

Accidents 1,267;    11,250;    V,  570;    IX,  127:    XI,  67 

would  mean  that  the  subject  of  Accidents  is  referred  to  in  Volume  I,  at  page 
267;  Volume  II,  at  page  250;  Volume  V,  at  page  570;  Volume  IX,  at  page  127; 
Volume  XI,  at  page  67.] 
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Ability,  Administrative II,  124 

Abraham,  Carriage  in  Time  of XI,  153 

Absolute  Block  System IV,  293 

English— Rules  Governing. .  .IV,  456-463 

Absolutism II,  18,    19 
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"  ln\evtQ<\— Illustration,  Plate  III I,  170-171 

"      Brace — Illustration,  Plate  I I,  58-59 

Brick— Illustration I,     98 

""      Hand  Han—Illustration,  Plate  I , I,  58-59 

"       Support  Pipes,  Plugs  at — Illustration I,    64 

"  "  Water  Pipe— Illustration I,    98 

Archaeological  Documents,  Authors  of XI,    28 

Arcing I,  485 

Arc  Lighting I,  414 

Argonauts ,XI,  100 

Arm  Brake  Hanger — Illustration,  Plate  III, 1, 170-171 

"     Best—Illustratioii,  Plate  II I,  116-117 

"     Kocker 1,90,    94 

Arms,  Manufacture  of I,  131 

"      Striker— Illustration,  Plate  II,. ... 1, 116-117 

'•      Use  of— for  Signals IV,  264 

Armature I,  400, 401,  405-408,  410,  411,  426,  435,  456-458 

"  Access  to I,  471 

Coils I,  472,  473 

"  "      for  Eailway  Motor — Illustration I,  411 

"  ComxAete— Illustration I,  414 

"  Core,  1.500  Kilowatt  Generator — Illustration I,  393 

"  Disc — Showing  Slots,  Diagram  of  Commutator  and 
One  Coil  in  Place  Connected  to  the  Commu- 
tator— Illustration I.  414 

"  Mounting  the I,  471 

"  of   Engine  Type    Railway    Generator,   Showing 

Winding  Connected  to  Commutator— 7//ms- 

tration I,  458 

"  "  Railway  Motor— Illustration I,  413 

"          Railway  Generator — Winding  a — Illustratio7i..  .1^  404 
**          Rotary  Transformer,  400  Kilowatt — Illustra- 
tion  I,  425 
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Armature,  Surface-Wound I,  473 

Toothed 1 ,  473 

Weight  of I,  469 

Wires 1 ,  410 

"  with  Coils  in  V\2iQe— Illustration I,  413 

Armies,  of  Corporations IX,    12 

Armenia — Its  Primitive  Associations  and  Means  of  Car- 
riage  XI,  316-327 

Primitive  Carriage  in — Illustrations XI,  316-317 

Armored  Air  Brake  Uose—IUiistratioji,  Plate  II I,  116-117 

Sio-nal  Rose— Illustratio7i,  Plate  II I,  116-117 

Army  Life.  Discipline  of II,    19 

"      TheKailway II,    13 

—Action  of II,    13 

—Freedom  in II,    13 

—Obedience  in II,    13 

"         "  "        —Organization  of II,    13 

—Purpose  of II,    13 

"      United  States II,  120,  121 

"•  "  "        — Purchase  and  Care  of  Material  in.  .II,  270 

Articles,  Damaged — Provision  for  Storing I.  272 

"        Manufactured  by  a  Company,  Charging. .  .YII,  321-324 

''  Articles  Manufactured  by  the  Company '' YII,  324 

Articles,  Number  of — Used  by  Kailways VII,  207-215 

of  Common  Use,  Care  of YII,  292 

Old— Keturn  of Y  J  I,  259-262 

"        —Railways  Manufacture YII,  126,  129 

Artificial  Limbs II,  232 

Arrangement  of  Railroad  Shops  and  Roundhouses I,  230 

"   Shop  Labor I,  283 

"   Shops I,  283 

"      and  Shop  Work 1.288 

Aryans I,  159,160;  XL  10,  54-57,  61-63,    75 

"      Perfection  of  Carriage  Among XI,    47 

"      Yehicles  of XI,    53 

"      Wheels  Made  by lY,  188 

Ashbel  Welch  Rail,  A.  D.  ISQQ— Illustrations Ill,  279-281 

Ashes.  Air  Hoists  for  Handling I,  246 

"      Disposition  of 1,246 

"      Handling L  259 

Ashlev.O.  D IL    95 

Ash  Pan I,  96,  246 

^^  —Ilhistration,  Plate  I I,  58-59,     60 

"        "    Damper  Handle — Illustration,  Plate  I I,  58-59 

"    Dampers ...I,    69 

"      Pans,  Cleaning lY,  427 

"       Fit— Illustration,  Plate  II 1,116-117 

''   Bottom— Illustration,  Plate  II 1,116-117 

"     Door— Illustration,  Plate  II L  116-117 

"       ••         "     U^uLWe— Illustration,  Plate  II 1, 116-117 
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Asia I,  217 

''      Central XI,    54 

"       —Use  of  Portable  Kailroads  in ..1,223 

Asphaltum,  Use  of — by  Railways VII,  213 

Aspirations  of  Railway  Employes  .   II,    63 

Ass,  Ancient  Use  of — as  a  Carrier XI,  109 

Assets,  Custody  of II,  186 

"■       Description  of X,  183 

—AVhat  They  Consist  of X,    62 

Asshurbanipal XI,  103 

Assistance  Funds,  Italian X,  349,  350 

Assistant  General  Superintendent,  Scope  of II,  174,  175 

Association.  American  Railway 

IV,  76,  276,  327,  341,  498,  499 ;  VI,    65 

"  Car  Accountants' VI,    57 

General  Ticket  Agents' V,    79 

"  Master  Mechanics' I,    64 

"  of  American  Railway  Accounting  Officers,  II,  278; 

V,  13,  550;  VI,  92, 125;  VII,  348,458,465,467,  535 

"  General  Baggage  Agents V,  488,  491 

"  Southern  Railway  and   Steamship  —  Demurrage 

Rules  of VI,  337,  338 

Associations,  Advocates  of I,  225,  226 

"  Artificial — of  Labor II,    35 

Benefits  of I,  229 

Car  Service VI,  57,    58 

"  for  Inspecting  and  Weighing  Goods VI,    24 

**  Growth  of — Among  Railway  Employes II,    59 

"  Labor 11,32,33,36,59,    60 

**  of  Officers  and  Employes I,  225 

Protective II,    95 

Railway II,  108 

Assyrian  Chariot  Wheel,  600  B.  C— Illustration IV,  190 

Assyrians,  Wheels  of IV,  193,  194 

Astigmatism IV,  225 

Atchison,  Topeka  &  Santa  Fe  Railroad Ill,  361 

Atkinson,  Edward Ill,    35 

"Atlantic  Type"  Locomotive,  BRidwhi— Illustration I,  143 

"Atlas"  Locomotive,  1834 1.    31 

Atmosphere,  Resistance  of IV,  97,    98 

Atmospheric  Engines HI.  120 

"  Pressure,  Application  of  Air  at I.  292 

Atomizer I.  104 

Attendants,  Expenses  for II,  232 

Attorney II,  138 

Attorneys,  Staff  of II,  22? 

Audible  Signals   IV,  272,  273 

Audit  Office,  Goods  and  Mineral— English VI,  329-331 

Auditor 11,139,285 

English II,  274,  275 
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Auditor,  Freight .11,  139;  X,    67 

—Duties  of VI,  109 

"  —Meaning  of  the  Term II,  291 

"  of  Disbursements II,  139 

"  ''  Passenger  Accounts V,      v 

''  the  Treasury II,  292 

"  Public— English 11,275 

Ticket II,  139;  V,  81 ;  X,    G7 

"     —Duties  of 11,258 

Auditors,  Freight— Relief  Vouchers  Made  by IX,  371,  372 

General  Traveling— Duties  of IX,  276,  277 

"         Railway— English X,  23,    24 

"         Ticket— Relief  Vouchers  Made  by IX,  372 

"         Traveling IX,  271-292 

"  "         —Authority  of VI,  316 

»*  ''         —Communications  of IX.  222,  223 

«  "         —Co-operation  of IX,  240,  241 ,  247 

"         —Duties  of VII,  433;  IX,  37, 

42,  43,  54,  56,  57,  61,  62,  68,  77,  86,  90 
93,  99,  116,  120-123,  125, 127,  133, 136, 
143, 144, 146. 147, 152, 153, 166, 168, 173, 
186, 190, 191, 195, 197,  200-204, 211,  224, 
225, 236-240,  246,  251,  253-261,  271-292,  432 

«  "         —Examinations  of IX,  284-286 

**  ''         —Influence  of IX,  223,  224 

"  "         —Qualifications  of IX,  147,  148 

"  "         —Reports  of IX,  277-283,  287,  288 

—Their  Duty  in  Regard  to  Old  Papers. . 

VII,  142 

Australasia — Its  Primitive  Associations  and  Means  of  Car- 
riage   XI,  347-352 

"  Primitive  Carriage  in— Illustrations XI,  342-352 

Australia,  Baggage  Allowed  in V,  290 

"  Government  Management  in  VIII,  240 

.  Status  of  Railways  in VIII,  331 

Austria,  Baggage  Allowed  in V,  289 

in V,  285 

"  "        Storage  Charges  in V,  425,  426 

Coaches  in I,  203 

"        Method  of  Handling  Baggage  in V,  385 

"        Passenger  Service  in V,  223-229 

"        Responsibility  for  Baggage  in .V,  312,  313 

Status  of  Railways  in Ill,  49,  60 ;  VIII,  338 

Use  of  Metal  Ties  in 111,378,  379 

Vestibule  Car  in I,  204 

\ustria-Hungary — Its  Primitive  Associations  and  Means  of 

Carriage XI,  437-440 

*"  "  Primitive  Carriage  in— Illustrations 

XI,  437-440 
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Austrian  Box  Car  for  Transportation  of  Glass — Illustration 

1,  185 

"  Car — Illustration I,  155 

"  ""  for  Creosotin^  or  Impregnating  Wood— /??t<s- 

tration I,  197 

"     "    JAq\\\a&— Illustration I,  165 

"  Compartment  Sleeping  Car — Illustration I,  226 

Excess  Baggage  Waj^  Bills V,  493 

Goods  Car— lUu-^traf ion I,  184 

**         Horse  Car — Illustration I,  195 

"  Imperial  Saloon  Car— Illustration I,  220 

"  "        Train  Engine,  Tender  of— /^/«s/ra^^o/l. . I,  118 

"  l>ocomot[Ye— Illustration I,  117,  135,  137 

"  Postal  Car— Illustration I,  207 

"  "        "       Interior  View  of— Illustration I,  208 

Austro-Hungary,  Heating  Cars  in V,  234,  235 

Author — An  Executive  Railway  Officer II,      v 

"      Early  Railway  Experience  of  the IV,  436 

"      First  Books  of  the V,    iv 

''      Writings  of  the VII,  15-17 

Author's  Previous  Books,  Shortcomings  of II,    vi 

Autliors,  Railway  Men  as  II.  vii 

Authority,  Concentration  of I,  284 

"  Concurrent II,  125 

Division  of • 11,113.294 

Exercise  of II,  193 

Autocrac}'^  in  Corporate  Government II,  132,  148 

Autocratic  Government .II,  124, 134;  XI,    43 

Automatic  Air  Brake.  Explanation  of  a  Popular  Form  of .  .1,  538 

"    Brakes 1,300,334-336 

"  "    Sanding  Appliances 1,313 

Bellringer I,    58 

"  Block  Sif;im\s— Illustrations IV,  502-504 

"       System IV,  276-290 

"  Brake  Freight  Car  'Equipment— Ilhistration I,  541 

"  "      Locomotive  Equipment — Illustration  ..  A,  539 

**  "      PassengerCar Equipment— /iiws^rafioji. . I,  540 

*'^  "      Plain 1,325 

"      System 1,336 

Brakes 1,308,309;  IV,  15, 114,  115 

"  "       Application  of — to  Long  Trains  of  Cars 

1,309,  310 

Coupler I,  204;  IV,  15,117-120 

"  "        —Illustrations 1,60,176 

Air  Brake 1,308 

Electric  Block  ^i^nals— Illustrations .  IV,  280,  282-285 

"      System IV.  279-301 

Feeds I,  259 

"  Governor I,  485 

Graduated  Relief  Valve I,  312,  313 
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Automatic  Regulator IV,  1G4 

Relief  Valve T,  310 

Safety  Switch  Sts^na—IUustration Ill,  336 

Signals IV,    15 

"  Slack  Adjusters 1,361,  362 

Switches IV,    15 

"  Triple  Valve,  Fl&in— Illustration I,  325 

Vacuum  Brake I,  292 

Whistles 1,112 

Auxiliary  Compression  Beam  Brsice— Illustration,  Plate  II 

1,116-117 

"  Reservoir I,  306-308,  324.  325,  335,  336,  356-361 

Illustrations   <  ^^"^'  ^^'  I'  HS-H^,  540,  541 
—Illustrations^  -  p^^^^  jjj- 1.170-171 

<'  "  Band— Illustration,  Plate  II I,  116-117 

«  "  Bq2J1\^— Illustration,  Plate  II 1, 116-117 

"  "         Charging 1,371 

"  "         for  Driver  BY2i\iQS— Illustration I,  539 

"  "         Pressure,  Reduction  of I,  308 

"  "         Ratio  of— to  Brake  Cylinder— /^^wsfra- 

tions I,  357-359 

•*  "         Release  Valve — Illustration,  Plate  III^ 

1,170-171 

"  Reservoirs,  Draining I,  332 

"  "  Exhausting  Pressure  from I,  377 

Recharging I,  327 

Avoiding  Over-Reductions— Instructions  to  Engineers I,  368 

Awards II,  29-31;  III,  324,  325 

rn     ,     ..  {Plate  II 1,116-llT 

X:^\^-Illustrations,  |  p^^^^  jjj j'^  ^^^_^^^ 

"      and  Wheel,  The  First  Form  oi— Illustration IV,  188 

"      Boxes,  Construction  of IV,  210 

"      Co\\2iV—Illustraiion,  Plate  III 1, 170-171 

«  "       Truak— Illustration I,     65 

"      Driving — Illustration,  Plate  I . .  1,  58-59 

"      Dust  Guard  Sesit— Illustration,  Plate  III 1, 170-171 

^      Engine  Truck— Illustration,  Plate  I I,  58-59 

"      J ournsil— Illustration,  Plate  III 1, 170-171 

"  "        Bearing— Illustration,  Plate  III 1, 170-171 

"      Safety  Bearing— Illustration,  Plate  II .1, 116-117 

"  "        ^tTRY)— Illustration,  Plate  II 1, 116-117 

"      Wheel  Seat— Illustration,  Plate  III 1, 170-171 

Axles 1, 213.  293 

"•      — Illustration I,    60 

"      Car IV,  186-223 

"  —Manufacture  of IV,  221.  222 

"      Cost  of Ill,  403 

"      Defective Ill,  430 

"      Driver— Weight  Placed  on I,    64 

"      Driving— Manufacture  of IV,  222,  223 
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Axles.  Facilities  for  Storing I,  2G9 

"      HandJiug  1,275 

"      Inspection  of I,  278 

"      of  Car  Trucks I,  4G8 

"    Motor  Car  Trucks I,  468 


Babbit  Metal.    (See  also  "Brasses") 

"       Care  of VII,  134-138 

Inspection  of VII,  134-138 

"       Lossof VII,  137 

"       Use  of VII,134-138 

''    "— byKailways VII,  209 

Babylon XI,  125,  129 

Babylonia,  Ancient XI,    99 

Babylonians,  The XI,  126, 127, 130-132 

Back  Band— Illustration,  Plate  II 1, 116-117 

"      Cylinder  Head — Illustration,  Plate  I J,  58-59 

"      Gravity  Bar— Illustration,  Plate  II 1, 116-117 

"      of  Seat— Illustration,  Plate  II 1, 116-117 

"      Up  Eccentric — Illustration,  Plate  I. J,  58-59 

"        "  "  Connection — Illustration,  Plate  I.. .  .1^58-59 

''        "  "  Rod — Illustration,  Plate  I. I,  58-59 

"  "  Strap — Illustration,  Plate  1 1,58-59 

Baffle-Plate I,    54 

Bagdad,  Means  of  Conveyance  in XI,  153 

Baggage II.  259;  V,  275-514 

Access  to V,  329,  330,  433 

"         Accidents  to V,  327,  328 

"         Accounts,  Auditing — by  Traveling  Auditors. .  .IX.  286 

"         Advances  on IX,    88 

"         Agents,  Accounts  of — Rules  Governing V.  506-514 

"  "        Miscellaneous  Instructions  to V,  443-445 

"         and   Buffet  Smoking  Car,   American    Standard — 

Illustration I^  211 

**             "    Compartment  Passenger  Car,  Victoria — Illus- 
tration  I.  210 

"         Anxiety  of  Passengers  Concerning  Their V,  415-417 

"         Articles  Constituting V.  283,  284 

"         Bad  Order. V,  335,  336,  444 

Billing V,  347-352 

"  "      — European  Methods 

V,  56-58,  369-376.  492,  493 

"      Through— in  Europe V,  386.  387 

"  Blanks V,  409 

Bulky V,  324 

"         Business,  Beginnings  of XI,  151 

Cost  of  Doing V,  353 

"         Car,  American  Standard— Illustration I,  209 
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Bao^gaj^e    Car  and  Electric  Lighting  Plant,  Anstrian  Im- 
perial Train — Illustration I,  211 

"  "      the — and  its  Associations V,  396-403 

Cars 1,183,198 

Care  of Y,  329-333 

"         Caring  for Y ,    52 

"         Carriage  of — in  Great  Britain I,  171 

"  Changing  Destination  of Y,  499 

Checking Y.  52.  436-439,  494 

"  "  —American  System  of Y.  377-383 

"  "  — Inconvenience  of,  to  Passengers. Y,  347-350 

"  "  —in  United  States Y,  53-56 

"  "  — Sj^stemsof Y,  53-58 

"         Checks Y,  53-54 

"  "       —Care  of Y,  436-439 

"       —Cost  of Y,  378 

"  "       —Exchange  of Y,  333 

—Lost Y,  330,331,440,  441 

"  "  "      —Rules  Governing Y,  503,  504 

—Metal Y,  55,  57,    58 

"  "  "      Merits  of Y   375 

"  "  •'      —Objections  to .'.'.".  Y.  372-375,3771  378 

"  "       Mismatching Y,  331-333 

**  "       Eeversible Y,    55 

Shell Y,  55,  56 

"     Strap Y,  490 

"  "       Use  of Y,  380-383 

Claims  for  Damage  to II,  232 :  Y,  59-62 

Settlement  of Y,  315-322 

"  Coupons Y,  475,476,  495 

Auditors' Y,  473,  477 

"  ''        Damage  to— Causes  of Y.  325-328 

"         Damaged— Claims  for Y,  337,  340 

—Collections  for YII,  422 

Definition  of Y,  277,  278 

"         Delivered  by  Train  Baggagemen  to  Agents  .Y,  435,  436 

"         Delivering V,    52 

"         Deliverv  of — bv  Train  Baggagemen Y,  447-449 

Department,  Attaches  of Y,  390,  391 

Duties  of Y,  295 

"  "  Experiences  of Y,  339 

"  "  Interest  of  Public  in Y,  353 

Officials  of Y,  525 

"  "  Operations  of— How  Governed Y,  353 

Rules  Governing Y,  431-453 

Depositories Y,  427-430 

"         Dispatching — American  System  of Y,  377-383 

—European        "        " Y,  369-376 

—Facilities  for Y,  353-368 

Estray V,    52 
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Baff^age.  Estray— Tracing  for V,  342-346 

Excess    (See  also  "Excess  Baggage.'') . . V,  371,  442,  443 

—Billing V,  478-493,  495 

"        —Charges  for V,  62,    63 

"  "        — Devices  of  Passengers  to  Escape  Charges 

for V,460,  461 

"  **         — Difficulty  of  Collecting  Charges  on,V,  458,  459 

"  »         — Forwarded   bv  Freight  Trains  —  Kiiles 

Governing/. V,  501.  502 

"         —Forwarding V,  494-502 

«  "         —Receiving V,  502,  503 

"  "         —Rules  Governing V,  494-505 

"         Extra— Charges  for IX,    62 

"         Facilities  for V,  323,  324 

"         Forms,  Explanation  of V,  491-493 

Forwarding V,  52,  347-352 

Found V,  434 

Franks V,  466,467,  495 

"         Free  Transportation  of V,  305 

Handling V,  59,  80,  323-328 

"  "         —American  System  of V,  357-360 

"  "         —in  Austria V,  385 

"   Italy V,  385,  386 

"  "  "   the  United  Kingdom V,  384 

"  "         — Principles  Governing V,  367,  368 

«  "         —Suggested  Change  in  Method  of,  Y,  298,  299 

"         Hypothecated V,  450-452 

"         Identification  of V,  441,  445 

"         Inspection  of Y,  33-^-336 

"         Interline— Checking V,  55,  438 

"         Joint— Settlements  for X,  133,  134 

"         Legal  Definition  of V,  280-282 

"         Loading V,  436 

"         Local— Checking V,    54 

Lost V,  59,  60,  309,  310 

"    -Claims  for V,  337,  340 

«  "    —Rules  Governing V,  439-440 

"     —Tracing  for Y,  342-346 

"         Manipulation  of IX,    36 

Marking Y,  53,  54,  439 

Meaning  of  the  Term Y,  227,  228 

"         Method  of  Charging  for  Carriage  of Y,  299.  300 

Methods  of  Handling      Y,  51-65 

of  the  Poor Y,  413 

"     "    Rich Y,  413 

Owners  of V,  400-403 

Permits V,  466,  467,  495 

Protection  of Y,  329,  330 

"  Provision  for Y,  323,  324 

Punches Y,  485 
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Baggage,  Quality  of— Carried  on  Local  Trains V,  411,  412 

"         Quantity  Carried  by  Passengers V,  456 

"  ''  ''        on  Trains .V,  409 

"  "         of— Kestrictions  in V,  62,    63 

*'  "  Transported  Without  Extra  Charge 

V, 287-294 

Rates V,  296 

"         Receipt  of — by  Train  Baggagemen V,  447-449 

Receipts  for V,  53,  56,  57,  386 

"         Receiving V,    52 

Rechecking  En  Route . .  V,  351,  352.  415-417 

Records V,  337-341 

"         Relation  of — to  Express  Business V,  304 

"         Responsibility  for  Damage  to V,    53 

"  "  Loss  of Y,    53 

"  "  of  Carriers  for Y,  GO,  61,  307- 

314,  335,  336 

"         Restriction  of  Quantity  of Y,  298 

Returns Y,  337-341,  432,  434,  435 

"         Revenue,  Collection  of Y,  462-477 

"  "  for  Handling Y,  63-65 

Robbery  of Y,  329 

Service Y,  275-514 

''  "      —Its  Relation  to  Passenger  Service. . .  Y,  295-306 

"  "      Needs  of Y,  63-66 

"  Shipment  of— in  England Y,  299,  300 

"         "Smasher,"'  the Y,  328 

Stamps Y,  486 

"         Station  Records  of IX,  93,    94 

'*         Storage  Charges,  Collection  of Y,  504.  505 

of Y.  424-430 

"  "        "Charges  for Y,  424-427 

"  Traffic Y,51,    65 

"      Classification  of Y,  462 

"  "      Comparison  of— with  Freight  Traffic. Y, 480,  481 

"      Handling Y,    79 

"         Transferring Y,  332 

^         Transportation    of — in     Cities    and    at    Transfer 

Points Y,  296 

Unchecked Y,  432 

Unclaimed Y,  60,  441.  442 
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"   —Introduction  of I,  294 

"   —Kinds  of 1,334 

"         "   —Jerking  with I,  368 

"   —"Straight"' 1,334,335 

''   —Testing 1,269 

"   —Use  of IV,  416,  423 

"       Application  of,  from  an  Unknown  Cause  —  Instruc- 
tions to  Enginemen I,  319 

Applying 1, 334-336,  348 

"  "  and  Releasing 1,308.309 

"  "  from  the  Train I,  326 

"•  "  in  Emergency 1,373 

Automatic IV,  15, 114,  115 

"  "■  — Application  of,  to  Long  Trains  of  Cars 

1,309,  310 

"        Call  for — Instructions  to  Trainmen I,  326 

"        (Continuous  Automatic)  Use  of — in  England. .  .VIII,  323 

"       Cutting  Out — Instructions  to  Enginemen I,  320 

Defective I,  330,  331 

"       Driver I,  286 

''  ''       —Illustration,  Plate  I I,  58-59 

Effect  of  Gravity  on ...  I,  334 

"  —on  Chilled  Wheels IV,  205,  206 

"  Repeated  Applications  of I,  327 

"       Emergency  Applications  of I,  343 

Electric  I,  485,  486 

Engine I,  380 

"        Examination  of— for  Defects 1,  322,  323 

Hand 1,332 

•'           "      — on  Air-Braked  Cars — Instructions  to  Train- 
men   I,  374 

"  "      Use  of — Instructions  to  Trainmen I,  323 

Holding  Power  of I,  364 

"        Management  of IV,  416,  417 

"        Not  in  Use — Instructions  to  Trainmen I,  326 

—Number  Used I,  31.?,  314 

Railway— One  of  the  First I,  -^96 
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Brakes,  Releasing  I,  305, 334-336,  348,  3G5 

"  "         — Instructions  to  Trainmen I,  374 

"  "         —on  Frei>?ht  Trains I,  367 

Running  Tests  of I,  363,  364 

Setting 1,348 

"        Sticlving— Instructions  to  Trainmen I,  324 

"       Storage  of  Pressure  for  Applying I,  334 

Testing I,  375 

''  "■        — Instructions  to  Car  Inspectors I,  330,  331 

"  Engineers I,  363,  364 

"  Euginemen 1,317 

"  Trainmen 1,321-323 

The  First I,  293 

Train , I,  380 

Use  of— on  Cars I,  297 

Brakeman,  The IV,  54-56 

Brakemen,  Duties  of I V,  401 

Early  Duties  of I,  171,  172 

"  Freight— Rules  Governing IV,  420 

"  General  1  nstructions  to IV,  415-420 

"  Passenger — Rules  Governing IV,  417,  418 

Responsibility  of IV,  123, 124,  417 

"  Trustworthiness  of IV,     54 

Braking,  by  Hand — Instructions  to  Enginemen ,    T.  319,  320 

Power I,  311,  378-380 

"      —Effect  of  Piston  Travel  on 1,356-361 

"  "      — Instructions  to  Car  Inspectors I,  332 

Uniform I,  361 

Branch  Pipe — Illustrations,  Plate  I f,  58-59,  541 

"  "      Signal,   to   Car   Discharge  NvlUq— Illustration, 

Plate  II 1,116-117 

"  "      to  Conductor's  Y dilxe— Illustration,  Plate  II 

1,116-117 

"  Train  Pipe— Illustration,  Plate  II 1, 116-117 

"  "       "  Triple  Valve— Illustration I,  540 

''          "■       Triple  Valve  to  Auxiliary''  Reservoir — Illustra- 
tion   I,  540 

Pipes I,  336 

Branches,  Construction  of II,  211 

Brass,  Engine  TTxick—Tlhistration,  Plate  I I.  58-59 

"      Foundry   I,  257.  258 

"      Journal — Illustration,  Plate  II I,  116-117 

"       Melting  Furnaces 1,257 

"       Scrap.  Care  of VII,  303 

"      Use  of— bv  Railwavs VII,  209 

Brasses \ .' I.  213,  258 

"        Accounting  for VII,  135,  137 

Care  of VII,  134-138.  259,  261,  297 

Disbursement  of VII,  136,  298 

"        Examination  of — 0:1  Locomotives I,  244 

85  vol  13 
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Brasses,  Inspection  of VII,  134-138 

Inventorying V II,  346,  347 

Loss  of VII,  135,  137 

Old— Keturn  of VII,  135,  262 

Ordering VII,  83,  137 

Requisitions  for VII,  134 

Returns  for VII,  298,  299 

Shipping VII,  134 

Storing VII,  298 

Use  of VII,  134-138 

Brazilian  Cattle  Car — Illustration I,  191 

"         Dynamite  Car— lUustraiion I,  186 

"         Flat  Car — Illustration I,  152 

Breda  Engine,  of  Milan I,  151 

Brick  Arch — Illustration I,     98 

"       Cars  for  Handling I,  224 

"       Use  of— by  Railways VII,  213 

Bridge,  American  Plate  Girder  Overhead — Illustrations... 

jjj    gjg    3§j^ 

"        and  Building  Time  (and  Distribution)  Book,Vll',  375*  376 

"        Bent  Trestle— Illustration Ill,  375 

"        Cantilever— Illustration Ill,  378 

"        Guard— Illustration Ill,  343 

Material,  Shipping VII,  191 

"        Plate  Girder— Illustration Ill,  376 

Rail Ill,  200 

"        Side  Bearing— Illustration,  Plate  II 1, 116-117 

"  "        Body— Illustration,  Plate  II 1, 116-117 

Steel  Truss— Illustration Ill,  372 

Bridges Ill,  354 

"         —Illustration,  Plate  1 1,58-59 

-Construction  of II,  211 

"  "  and  Maintenance  of Ill,  296-299 

''         —Cost  of  Keeping  in  Order Ill,  422,  423 

"      "    Maintenance  of 111,292 

Deterioration  of Ill,  292 

Duration  of Ill,  293 

Effect  of  Climate  on Ill,  294,  295 

"       "  Traffic  on Ill,  292  295 

Guard  Rails  for Ill,  223,  224 

"         Influence  of— on  Cost  of  Maintenance Ill,  383,  389 

Life  of Ill,  294 

"         Poor — Expensiveness  of Ill,  401 

"         Precautions  Against  Fire  on IV,  427 

Protection  of Ill,  325-327 

Rebuilding II,  221 

"         Repairing Ill,  398 

"         Requisitions  for  Material  for VII,    78 

Supplies  for VII,  111,  112 

Bridges,  Trestles  and  Culverts'' VII,  457,  458 
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Bridges.  Unsafe -III^  -^30 

Bridgini? I-  213 

—Illustration,  Plate  II. 1. 116-117 

Briquettes,  Use  of— for  Heating  Trains V,  233,  234 

British  Guiana HI,    15 

"        Isles— Their  Primitive  Associations  and   Means  of 

Carriage XI,  441-447 

"  "      Primitive  Carriage  in— Illustrations XI,  441-447 

Mint Til,    11 

Bronze XT,     73 

"       Manufacture  of— by  the  Phoenicians XI,  134 

Use  of— by  Raihvavs VII,  209 

Wheels,  Ancient— Illustration IV,  193 

"Brother  Jonathan '—First  Truck   Engine,    18'32—Illustra. 

tion I,    34 

Brotherhood  of  Locomotive  Engineers II,    53 

Brown  &  Sharp  Gauge I,  402 

Bruce XI,    28 

Brunei I,  35;  IV,    35 

Gauge  Adopted  by 111,191 

Brush,  Cutting HI,  240 

•'       Removing HI,  285 

Brushes I,  457 

Access  to 1,4/1 

Burning  at  the 1,439 

"        for  Conducting  Current I,  407,  408 

Brushholders ;I,  457 

Brute  Force,  Domination  of XI,    26 

Buck,L.L 111,300 

Buckles,  Turn I,  332 

Butter  ^e^m— Illustration,  Plate  I I,  58-59 

"       Plate,  ^\\OYt— Illustration,  Plate  II 1, 116-117 

Buffers,  Carriage I,  170 

"        Face  Vidite— Illustration,  Plate  II , I,  116-117 

Buffet I.  200 

"      Car I,  196 

"      Smoking  and  Baggage  Car,  American  Standard— /??»s- 

tration I,  21 1 

Car 1,148,182,190 

"  ''    American— Interior  of— //?HS^mfio?i.. I,  212 

Builder.  Car— Master I,  284 

Carriage— The  First I,  132 

Problem  of I,  149 

Builders,  Administrative  Talent  of I,  120 

"  Benefits  of  Consultation  Among T,  120 

Car II.  277 

"  Early  Railway I.    36 

"  Experience  and  Talent  of I,  121 

"  General  Practice  of— in  America I,    64 

"  of  Cars  and  Locomotives I,  124 
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Builders  of  Oro^anizations II,  126 

Private 1, 141-143 

Building,  Foundry 1,  257 

Laboratory 1,278 

"  Material,  Shipping VII,  191 

"  Power  House 1,259 

Buildings,  Care  and  Maintenance  of Ill,  299,  300 

"  Construction  of II,  211 

"  Cost  of  Keeping  in  Order   HI,  422,  423 

^  Deterioration  of 111,300 

"  Disbursements  for  Kent  of HI,  422 

"  Extending II,  221 

"  for  Care  and  Maintenance  of  Kolling  Stock 1,  238 

"  "   Making  Repairs I,  239 

"   Sheltering  Locomotives I,  238,  239 

•'  Buildings,  Furniture  and  Fixtures" VII,  458 

Buildings,  Improving II,  221 

Influence  of — on  Cost  of  Maintenance Ill,  383 

Removal  of 11,233 

Repair  of II,  233 

"  Requisitions  for  Material  for VII,    78 

"  Shop— Design  for I,  253 

Supplies  for VII,  111,  112 

Bulgaria IV,  195 

Bulgarian  Wheel— Illustration IV,  195 

Bulk— an  Element  in  Classifying  Rates VI,    26 

Bulldozer 1,  263 

Bulletins,  Posting Ill,  425 

Bull-Headed  Rail,  A.  D.  l8oS— Illustrations HI,  270,  271,  273 

•'  ''      London    &   N'orth western   Railway,  A.  D. 

ISS9— Illustration Ill,  309 

Bullion II,  242;  III,  10,    18 

Transportation  of V,  519 

Bumper 1,109 

Bumping  Fost— Illustration HI,  349 

Bunk  A])ron— Illustration,  Plate  II I,  116-117 

"       Feme}— Illustration,  Plate  II 1, 116-117 

Bureau,  Advertising II,  139 

''        Claim 11,138,  245 

"        Land II,  138 

Tax II,  138 

Bureaus,  for  Adjusting  Claims. . .    VI.  18,     19 

Burlington  &  Mt.  Holly  Branch  of  Pennsylvania  Railroad. 

Use  of  Electricity  on 1 ,  490-492 

Burmah— Its  Primitive  Associations  and  Means  of  Carriage. 

XI,  237-253 

—Primitive  Carriage  in— Illustrations XI,  237-253 

Burner  Cock — Illustration,  Plate  II I,  116-117 

Fuel  Oil 1,101 

«  "      ''—Illustration 1,102 
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Burner, Heacllio^ht—/ZZws/ra^io«,  Plate  I I^  58-59 

"■        Tips — Illustrafiony  Plate  II I^  116-117 

Burnettizing  Process Ill,  359-3G2 

Burst  Hose— lustructions  to  Trainmen I.  32() 

Burt,  H.  G VII,  304 

Bury  &  Company I,  32,     37 

Bus  Bars 1,  431,  436,  4G0.  461 

Bush,  B,od— Illustration,  Plate  I I,  58-59 

Business,  Ancient  and  Modern  Devices  of VII,  229-231 

Car VII,  225,  226 

"         Competitive II,  237,  238 

Freight VI 

"  Methods X,  11-15 

"  "        Uniformity  in VII,  237 

**         Passenger — Procurement  of V,  112-115 

"  Supervision  of II,  201 

Butter,  Loading VI,  103 

Butting  Timber— //?«.s'//-f<//o«,  Plate  III i,  170-171 

Button,  Push— FJectr'ic— Illustration,  Plate  II I,  116-117 

Buttresses I,  253 


Cab I,  55,  112 

— Illustrations,  Plate  I I,  58-59,     60 

"     American  Style  of — Its  Introduction  into  England. . .  .1,    56 

'•     Bracket — Ilhistration,  Plate  I I,  58-59 

"     The  First — on  a  Locomotive I,  55,    56 

"     Trimmings I,  286 

"     Whistle  in , 1.362 

Cabinet  Makers I,  274 

Cable I,  393,  394 

"      Road 1,393 

"      Transfer 1.254 

Cadiz XI,  133 

Cadmium,  L"se  of — by  Railway's VI  L  209 

Cage,  Draw  Bar  Sprinor— Illustration,  Plate  III I.  170-171 

Caledonian  Railway  Passenger  Locomotive,  Scotland — Illus. 

tration 1,  122 

California.  L'se  of  Petroleum  in I,  104 

Calking... I,    74 

''  Implements I,  262 

Call  for  Brakes — Instructions  to  Trainmen I,  326 

Cam  Brake I,  329 

"Camel"  Locomotive,  1848 — Built  by  Ross  Winans — Illnstra. 

Hon I,    42 

Camels, Carriage  of  Railroads  by I,  223 

Camden  &  Amboy  Railroad Ill,  176 

Campbell,  Henrv  R I,    51 

"Campbell,"    1837— The    First    Standard    American    Eight- 
Wheel  Locomotive — Illustration I,     52 
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Cams,  Adjustmeiit  of I,  329 

Canada,  BajJ^^^aoe  Allowed  in V,  290 

"        — Its  Primitive  Associations  and  Means  of  Carriage 

XI.  379-403 

"        Primitive  Carriage  in — Illustrations XI,  379-403 

"        Status  of  Railways  in YIII,  325 

"        Superannuation  Funds  in II,     60 

"        Transportation  of  Freight  in III.  125 

Cancellation  of  Vouchers VII,  442-444 

Candaules XI,  100 

Candles,  Tallow— Use  of,  for  Light IV,  IGS 

Use  of— as  Signals IV,  248 

"     "  —for  Lighting  Cars I,  204;  IV,  170,  171 

Cannibals XI,    11 

Cantilever  Bv'n\f:e—IUusf ration III.  378 

Cap  Belt  H^U—Klnstration,  Plate  II I,  116-117 

Dome — Illustration,  Plate  I I,  58-59 

FWaster— Illustration,  Plate  II T,  116-117 

SxiTin^—BoUter— Illustration,  Plate  II 1. 116-117 

"       —Equalizing  Bslt— Illustration,  Plate  II.  .  J,  116-117 

Truss  Flank— Illustration,  Plate  II 1, 116-117 

Capacity,Carrying— of  Equipment VI,  51,    52 

of  Cars 1,164,  165 

Cape  Colony,  Governmental  Management  in VIII,  241,  243 

Capital If,  33-36,  40,  44,  08.    69 

"        Acquisition  of — for  Railway  Investments VII.  18-27 

''        — Amount  Invested  in  Railways Ill,    62 

"        Coercion  of II,    52 

"—by  Labor II,    33 

"        Concentration  of Ill,  459 

"        Confidence  of — Xecessarj^  to  Commerce VIII,    20 

"        Domination  of - II.    36 

"        Effect  of  a  Fluctuating  Currency  on 111.21,    22 

"        Foreign — Investments  Made  bv 111.15,    16 

—Margin  Afforded  by Ill,    23 

—How  Represented VII,  21,    22 

Increase  of— Per  Mile  of  Road Ill,    30 

"        — Its  Ability  to  Find  Safe  and  Profitable  Employ- 
ment  II,    34 

"  "    Relation  to  Xet  Income Ill,     56 

"        of  Railways IlL  154 

"        Railway — Precautions  for  Investors .  HI,  79-84 

"        Relation  of— to  Earnings 111,35,70,    71 

"        Requirements  of VIII,    20 

Return  on— Relation  to  Rates VIII.    43 

Secret  Power  of Ill,  460 

Status  of— Toward  Labor 11.    50 

Stock in,  42.  80,  85-91,  158 

''     —a  Basis  for  Taxation Ill,  446 

"      Form  of  Certificate  of Ill,    87 
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Capital  Stock— Meaning  of  the  Terra Ill,    86 

"  "    Voting 11,129 

Strife  of— to  Find  Profitable  Use II,    34 

"        Wisdom  and  Moderation  of II,    p3 

Capitalists. ••"I^    26 

Capitalization tIt     on 

Basis  of Ill-    30 

"  Criticism  of  Methods  of Ill,    28 

—Effect  on  Rates VIII,  293 

in  America HI.  69,  142 

•^  England 111,65-71.  85,    86 

"  Europe -^^l'  ^f ^ 

Influences  Affecting HI.  o3-o8 

Methods  of— in  Dift'erent  Countries III.  41-52 

"       '^   Great  Britain 111,487-490 

of  Railroads VIII,  293 

Proper  Basis  of HI,    86 

-       Limitof VIII,  193 

Capitalizing  Construction  Expenditures .II,  187,  188 

Captains,  Receipts  Given  by Vl,  220,  221 

Capstans V  ]-i 

Car.     (See  also  "Cars"  and  "Coaches") .J,  lo9 

"    Accountant IV,  58;  VI,  49,  63,  67,  68;  X,    67 

"    Accountants' Association ^  I »    ^' 

"    Accountants,  International  Association  of VI,    o4 

"    American  Palace— Apartments  in— lUustratwn. I,  223 

u  u         —Smoking  Compartment  in— f?^?tsfra/«ow...l,  213 

u  «         Standard  Box  Freight  and  Truck  —  lUustra- 

tion,  Plate  III 

I,  170-171 

u            M                 «             "           **        — Sectional   View — Il- 
lustration   I,  167 

u  «  **  "  "        —Cross    Section    of — 

Illustration I,  169- 

"  «  "  "  "        —End  Elevation  of — 

Illustration I,  168 

♦»  «  "        Freight— End  Elevation  and  Section 

Through  Journal  Box 
of    Truck— Illustration 

I,  173 

K  u  i*  u     _pian   of    Truck    of—IUus- 

tration I.  180 

"  "  **  ''     — Side  Elevation  and  Section 

at    Center  Bearings  of 
Truck— Illufitration.  .1,  177 

"  "         Steel  F\Rt— Illustration I,  153 

"            "              "        '^    —View    of     Under    Si(\e— Illustra- 
tion  I.  154 

"    Apartment— American— /?i«.s/mfion I.  227 

"    Appliances .V,  37-39 
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Car,  Austrian— //^"•'(^^•rt/'on I,  165 

"  "         Box — for  Transportation  of  Glass — Illustration 

I,  185 

"          "          — for  Creosotin<^orlmpiegnating  Wood — Illus- 
tration  I,  197 

"     -Liqnia^— Illustration 1,165 

"    Axles IV",  186-223 

"      Manufacture  of .lY,  221,  222 

"    Bagtrage— American  Standard — Illustration I,  209 

**  "        and  Buffet     Smoking  —  American    Standard — 

Illustration I,  211 

'*■          "          "     Compartment  Passenger — Victorian — Illus- 
tration   I,  210 

"          "          "     Electric  Lighting   Plant — Austrian  Impe- 
rial Train — Illustration I,  211 

"     Its  Associations V,  396-403 

"    Beer — German — Illustration I,  187 

"    BCigian — for  Transportation  of  Casks — Illustration I,  151 

''    "Bleeding"  a I,  346 

"    Box — German — Illustration I,  184 

"      "    —in  America 1,207 

"      "    —Turkish— Illustration I.  182 

"      "    — y ictormn— Illustration. I,  183 

"    Brake  Operated  by  Steam.  1S39— Illustration I,  299 

"    Brazilian  Flat — Illustration I,  152 

"    Buffet I,  196 

Smoking 1.148.182,196 

"        "  "        — American — Interior  of — Illustration.!^  212 

"    Builder,  Master I,  281 

"    Builders II,  277 

"    Business VII,  225,  226 

"    Caboose I.  199 

"    Cattle— Brazilian— I??Ms/mf/o?i I,  191 

"     —JtaVmn— Illustration I,  190 

"         "     — Victorian  Railway — Illustration I,  191 

"    Coal 1,207 

"      — Victorian  Railway — Illusty^ation I,  163 

"    Companies,  Palace I,  196-199 

"    Compartment I,  177 

"  "  — Bosnian  Railway — Illust7-ation I,  214 

— Xew  South  ^y ales— Illustration I,  225 

"    Construction I,  147 

Details  of 1,180 

"  "  Dift'erences  in .1,  121 

Standard  Details  of 1,270 

"    Cutting  Out  the  Brake  on  a  — Instructions  to  Trainmen 

I,  324-326 

"    Decoration    1,147 

'•    Defective — Instructions  to  Engineers I,  365 

"    Deoartmeut I,  277 
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^      T.     .  T,  377-381 

C«r|?^^^-°, ; 1,148,195,190 

—Axnericiiu— must  rut  ion 1,  ^»  J 

"    Ditsrharu-e  Yiilve— /'?«<**^''«^'0H :  -^^  ^°" 

u  "     ^        "       Si^nial    Branch    Pipe    to— Illustration, 

"  P/rt/p   // I.  116-117 

"    DoOT—IllusU-ation,  Plate  II 1.  '^\^~]\l 

"    Double  Truck-Frame  of •  •  •  j '  • ' ' ^'  \^i 

-    Drawing  Koom ^^  l-'^  ^^^'  .^' f^ 

u  "  "         or  Parlor — American ^^  ^^^ 


Flat— in  Great  Britain •  •  •]:  t.^' 

^\oOY— Illustration,  Plate  II ^     t    tci 

for  Carriage  of  Sngar  Cane— Illustration        .    . . ...  .  •  .1,  Jbl 

''    Gmall  ( 'attle.  Peloponnesus  UaWToad— Illustration,  i    iw 


Dynamite— Brazilian— /^^ws^ra^io/l I,  186 

Eiirlv  Sleeping •  •  • •  •  •    •. i'  ^J] 

Electric-Its  Effect  Upon  Street  Railway  Service.       .T    394 

"  Motor I,4G7-4by 

English  Compartment— Origin  of 1,  183,  184 

Firit  Class  Passenger— German— /??««^raiion 1,  214 

Flat— in  Great  Britain  ^' 

Fl( 
foi 

hnall  Cattle,  Pelopoi on7_9i4 

Freight— American  Standard ^  :^y<   ^^^ 

—Development  of ^  |'    '^ 

'.       _i,i  Great  Britain i    Ju 

"       —The  First \r\'  iit 

T   .^.  T  VI,  143 

Initials ; T    iF;n 

French  Dumping— IWwsfraYiO^i.  .        . i,  ;^^^ 

Reservoir— for  lAq\u(\&— Illustration 1,  164 

Goods— Austrian— /^/«sO-a/ron 1,  184 

"      —in  Great  Britain l'  oqT 

Gondola v;; " "  J '   /• t'  i  r^ft 

—Victorian  TtaUwiiy-IHustratioii 1,  lob 

Half-Box— Belgian  Railroad— //?"s^'-«^*^>'^ 1'  1»« 

"        Italian — Illustration ^  AbU 

'•       -with  Tubular  Frame-Belgium-i^/"s^r«^*o« 

1,  15b 

Baui\— Illustration J-  1^^ 

Horse— American— I?i?'-s'fraiiO?i J,  ajo 

"     —Austrian— /'?"«^'-«''0" 4'  in^ 

"     —Belgian  State  Railroad— n?«srrof?o?i 1,  194 

"     -Victorian  Railways- /??h.s-/';«^*'o"     •  ■■}>  ]^^^„ 

Hot  Water  Pipe  to-IUustration,  Plate  II T.  1  J^-ll  ^ 

Inspectors-General  Instructions  to. .... . .  . .  -    .  •   1,  .wu-.i.w 
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"  Specialists  Among 1,214 

"    Manufacturers,  in  United  States I,  196 

"Car  Mileage,  Balance^' VII,  490,  521 

Car  Mileage  Rates ..VI,  63,    64 
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"    Open — in  America I,  171 

"    Ore— Illustration I,  162 
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"        "      —For  Day  and  Night  V&e— Illustration. I,  224 

"        "      —Popularity  of 1,201 

"    Parlor I,  194,  195 

"         "       — Americ'dn— Illustration I,  219 

"    Passenger. .    I,  197 
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"        — Requirements  of I 

Perishable  Goods— New  South  Wsdes— Illustration I 
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"  "        — Interior  View  of — Illustration I 

"     — Interior  of  American — Illustration I 

Poultr}^ — Illustration I 
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Refrigerator — Capacity  of I 

"  —New  South  ^ya\es— Illustration I 

Repairers I,  270 

Repair  Shop,  Section  and  End  Fj\evsiiion— Illustration,  I 

"  "       Side  Elevation — Illustration I 

"       Shops,  Plan  for— Illustration I 

Roumanian  State — Illustration T 

Saloon — Austrian  Imperial — Illustration I 

Seals VI,  49-51 

*'        Breaking VI 

"       Inspection  of VI 

Seat,  Evolution  of I,  186 

Service  (See  also  "Demurrage" VI,  49,  53-57 

"         Agencies IV,    58 

"         Associations VI,  57,  58 

Charges  for IX,  61 
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''    Sleeping — American I,  200 
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— Illustration I,  223 
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"    Standard  American  Gor\(\o\'^~Illustration I,  160 
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"    The  Accordion .   1,204 

'•      "    Compartment IV,  122 

"      "     Harmonica 1,204 

"      "    Vestibuled IV,  119,  120 
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"    Velocipede  B.'An(\— Illustration I,  149 
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"  Germany T,  204 

''    Wheel,  English— /?^^^s•^^«/ton IV,  215 

"        "        Number  of  Men  Required  to  Manufacture  a  .  .  .1,  133 

"    Wheels I,  178;  IV,  186-223 
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Inspection  of 1,278 
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"    WT%Q\y.\i\g— Illustration I,  200 

"    Wwri^mbQYg— Illustration I,  152 

"  "  'R2Ji\vo2i(\— Illustration I,  158 

(  ars.    (See  also  "Car"  and  "Coaches'") I,  159 

"      Adaptability  in  Construction  of 1, 155,  156 

"  "  of — to  Locomotives  and  Curves Ill,  114 

"      "  Needs I,  201 

"      Air-Braked I,  343 

"            "             —Hand  Brakes  on— Instructions  to  Train- 
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—Setting  Out I,  374 

'^      American  Apartment — Capacity  of  I,  199 
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Wear  and  Tear  of Vll 

— Average  Number  Per  Train 1 

Ba^^i-a^e I,  183 
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Bogie — in  Germany I 

Box I 

Builders  of    I 

Box — in  England I,  172 

Capacity  of 1, 164 

Care  and  Maintenance  of 1,  230,  237,  283 

''    of I,  23 1 ,  268 

Carrying  Capacity  of — in  Europe YI,  51 

"       ^'  the  United  States VI,  51 

Chair V 

Cleaning I,  269 ;  IV 

Coal I 

Coke I 

Comparison  of  American  and  European V,  27-29 
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"  — by  Chains I 

Cut  Out — Instructions  to  Trainmen I,  372 
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Delays  in  Unloading — How  Lessened VI,  57,  58 

Demand  for I,  138 

Derailment  of IV,    60 

Designs  for I,  277 

Detaching — Instructions  to  Trainmen .1.  323 

Detention  of — Demurrage  Charges  for VI,  58-63 

Differences  in 1, 119,  120 

"  —To  What  Due I,  183 

Dining I,  191 

"        —Superintendent  of II,  138 

Disabled— Instructions  to  Trainmen I,  373,  374 

Discrimination  in  the  Use  of VI,    74 
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"  Mails  in V,  561,  562 

Double  Truck I,  467 
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"         "  Yardmasters  in  Relation  to IV,  432-135 

Effective  Use  of   IV,  57-61 ;  V,  27.  49,  57,    58 

"  "    "  — Divergence  in VI,  51,    52 

Empty — Supervision  of II,  201 

Entrances  to  Passenger 1 ,  176 

European IV,  316,  317 

Evolution  of I,  166 

Fastening VI,  103 
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Freight I,121.1o6;  III    406 

—Brake  Hangers  on ^fi  '^q     In 

— Carrying  Capacity  of 4?'    ^q 

—Daily  Performance  of VI.    53 

—Disabled  En  Konte .^'  "^  .l! 

-EtYective  Tse  of VI,  5-26,  42,    49 

—English '^'    '      T    Q7« 

—Hand  Brake  on ;;;":i'     -^ 
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—Weighing VI,  222,  223 
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Heating ■ ^^' ^269 
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-         -Costof ^^' Tit     20 
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Cars,  Machinery  for  Constructing  and  Repairing I,  121 

•      Mail I,  183 

"      Manufactories  of I,  130 

"      Manufacturers  of 1, 116,  141 

"      Method  of  Heating— in  England I,  173 

''     Military I,  224 

"     Motor— Air  Brakes  for 1,485 

"      —Heating 1,486 

"     —Lighting I,  486 
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—English Ill,  147 
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"      Private = VI,  49.  69-74 

"      —Collections  for  Use  of IX,  427,  428 
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"      Repair  and  Renewal  of I,  232 

''      Tracks  for 1,268 

"      Repairs  of I,  271-279,  382;  IV.  434 

"      Reports  of X,    67 

"      Routing VI,     54 

"      Sealing II.  242;  VI,   103;  VII,  310 
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Cars,  Searching IV,  409,  435 

''      Second  Class— in  England I,  170 

"      Securing  Piping  to I,  379 

"      Signal  Pipes  on I,  362 

"      Sills  of I,  179 

"      Sleeping 1, 188-194;  V,  221 
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"  "         — Rules  Governing  Use  of V,  212 

"      Special— Charges  for VI,  124 
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"      Steel I,  157 

"     Street— Current  Taken  by I,  401 

"      Superintendent  of I,  233,  270,  271,  277 

"      Switching IV,  94-96 


"         — in  Great  Britain I 

Telescoping  of I 

— Their  Development  and  Uses VI 

Third  Class — in  England I 

Tool I 

Uniformity  in  Construction  of VI 

Upholstery  of — Xumber  of  Men  Required  to  Manu. 

f  acture I 

Use  of — as  Stores I 

"     "      "  Temporary  AVarehouses VI,  54 

"     "  Brake  on I 
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Used  Jointly  by  Railroads VI,  49.  63-68 

Utilization  of.  / IV,    58 

Various  Patterns  of I,  159 

Ventilation  of V,  33-36 


"      Wrecking I 

Carbon  Sheets,  Use  of VI,  89,  90,  120 

Carbureted  Air,  Use  of — for  Lighting  Cars IV 

"  Gas,  Use  of— for  Lighting  Cars IV 

Carbureter — Illustration IV 

"  Description  of IV 

Carbureters,  Gasoline — I'se  of,  for  Lighting  Cars IV 

Carcasses,  Charges  Collected  for V 11, 41 4,  421,  422;  IX 

Card,  James  T 111,364 


Card  Tickets V,  9b-9o 


**  "        English V 

**  *'        Excursion V 

"  "        Local— Auditing X,  124 

"  "        Origin  of V 

"        Round  Trip V,  94 

Cards,  Excess  Baggage.     (See  "Way  Bills.'') 

"      Postal— Accounting  for X,  287 

Care  of  Cars  and  Locomotives 1 ,  230-232 
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Care  of  Locomotives...... I,  238-247 

*'      "  Rollinir  Stock 1,238 

"      "  Track IIJ,  20G-271 

Carej^  Iron,  Drawbar— Illustration,  Plate  II 1,  116-1 17 

"      Inner  Drawbar— Illustration,  Plate  II 1, 116-117 

Carhart,  Professor HI,  274.  279 

Carline,  Compound — Illustration,  Plate  II 1, 116-117 

Platform  Roof— Illustration,  Plate  II 1, 116-117 

"      ^nd— Illustration,  Plate  II.  ..  .l,UG-n7 

Strap  BoM— Illustration,  Plate  III I,  170-171 

Tie  Rod— Illustration,  Plate  III I,  170-171 

Upper  Deck— Illustration.  Plate  II. 1, 116-117 

Vestibule  F.nd— Illustration,  Plate  II 1, 116-117 

CarVmes— Illustration,  Plate  II. 1, 170-171 

Carlisle's  Wrougjht-Iron  Rail,  A.  D.  ISll— Illustration.. .  .Ill,  188 

("arpenter,  A.  V.  H V,    80 

Carpenters,  Master I,  230 

Carpets,  Cleaning I,  269 

Renovating I,  274 

Carriage.     (See  also  "Transportation.'') 

"  Among  the  Chaldeans XI,    75 

Builder,  The  First .1,  132 

(Culmination  of XI,  523 

"         Development^  of XI,    53 

"  Effect  of  Environment  on XI,    53 

"      "    the  Introduction  of  Steam  Upon I,     16 

''  Electrical  Apparatus  Relating  to I,  139 

First  Mention  of XI,  104 

•'         Idea  of — Its  Conception 1, 160,  161 

Land XI,  149 
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"  "  — Comparison  of  PavSt  and  Present.. .  .XI,  149 
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—Theory  of L  392 
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"      —Read's,  1791— First  Multitubular  Boiler— 

Illustration I,     19 

"         Various  Methods  of XL    47 

Water XI.  151 

"      —Origin  of XI,  151 

Carriages,  Covered — First  in  Europe XI,  105 
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Carrier.  Brake  Beam  Adjusting  l^SiUger— Illustration,  Plate 

II I,11G-117 

n?iV\o^QV— Illustration,  Plate  II I,  ll(j-117 

**        Common — Duties  of V,  356 

"  "        —Meaning  of  the  Term VI,  5-7 

.    '*  "        —the  First XI,    83 

Uo6ge— Illustration,  Plate  II 1,116-117 

the  First XI,  47,  101 

"        the  Horse  as  a  Favorite XI,    85 

Carriers.    (See  also  '"Railways.") 

Arts  of XI,    98 

Duties  of II,  242;  VI,  116 

"  Ethics  of  Their  Trade VIII,    19 

"  Exemptions  of VI,  283-293 

Individual 11,41,    42 

Liability  of II,  242;  V,    14 

"  Losses  Incurred  by VI,    19 

"  Methods  of  Defrauding VI,  22,     23 
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"  Prehistoric XI,      9 

"  Primitive — the  Carthaginians XI,  137 

"  Private — L"se  of  Railroads  bv II,    47 

**  Profits  of— Upon  What  Dependent IV,    57 

Responsibilities  of V,  307-314;  VI,  288-293 

"  Responsibility  of — for  Baggage V,    61 

Signals  of IV,  244 

Cart 1,293;  XI,    67 

Introduction  of XI,     51 

Use  of — as  a  House XI,    95 

"     Uses  of — in  Ancient  Times XI.    96 

Carts.  Primitive — of  Mesopotamia I,  132 

"      Railway— The  First Ill,  110 

"      Rude — of  Primitive  Ages I,  293 

Cartage.  Charges  for VI,  9.     10 

Carthage,  Carriage  in XI,  137 

"  Carrying  Trade  of XI,  146 

"  Circulating  Medium  of . XI,  146 

Destruction  of XI,  98,  147 

Government  of XI,  142,  144 

Power  of XI,  147 

Revenue  of ^.  XI,  146 

Carthaginians  XI,  137-141,  143 

Vovages  of XI,  146 

Case.  Check  Y-dive— Illustration,  Plate  II 1, 116-117 

'•      y{ea.(]\\o;ht— Illustration,  Plate  I. I,  58-59 

"      Pump  y-dlxe— Illustration,  Plate  I I,  58-59 

""      Raising  Transf OTiner— Illustration I,  423 

Cases,  Ticket IX,  190,  191 
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Cases,  Ticket— Encrlish V,  '240 

"      —Kiiles  Governing  Use  of V,  128,  129 

Cash.    (See  also  "'Money.'*) X 

"      Access  to IX,  340,  341 

"  —at  Stations IX,  183 

"      and  Accounts,  Concentration  of II,  2S5,  286 

"      Balancing IX,  230, 231, 407-411 

"      Book 11,273 

"       Agents" ]X,  330-332 

"  "  "        and  Conductors' — at  IIeadquarters.X,138, 139 
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IX,  28.5,  286 

"      Audited  Accounts X,  140,  141 

"      Entries  in .IX,  141, 142, 144,  332 

"      Falsifying IX,  144 

"      General X,  60-6'2,  139-141 
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Entries  in VI,  205 

"      Care  of IX,  133-135, 167,  24'2-245 

"      Collections  of — Account  Various  Persons VII,  417 
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"      Differences IX,  349-351 

"      Disbursements X,  92-94 
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**    Record V,  195 

"  "    Returns,  Rules  Governing V,  218-221 

"      Fares,  Collection  of V,  181,  182 

" —Rules  Governing V.  194-198 

"      Handling V.  191 ;  IX,  133-135,  289,  304, 434 ;  X,  288,  289 

"      Receipt  of II,  285 

"      Receipting  for IX,  81-85 

"'      Remittance  of V.  2'22;  IX,  135,138,139,  261;  X,     69 

"  —in  England V,  251,  252 

*'  "  "  —Various  Persons  Accounts VII,  417-419 

"      Responsibility  for IX,  350,  351 

"      Supervision  Over II,  285 

"     Vault,  Care  of X,  270,  271 

Cashier,  General X,  260,  261 

Cashiers,  Appointment  of II,  261 

Assistant X,  260 

Duties  of IX.  351,  352 

Duties  of— at  Large  Stations IX,  232-234 

Transfer  of IX,  260 

Casing  Dome — Illustration,  Plate  I I,  58-59 

"         li\s\i\Q— Illustration,  Plate  II 1, 116-117 

"         Oyxt?,\^Q— Illustration,  Plate  II 1, 116-117 

"        Window— IZiwsf ration,  Plate  II 1, 116-117 
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Caspian  iSea I.  103 
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Bo^\y— Illustration,  Plate  II 1, 116-117 

"        Roof— Illustration,  Plate  II 1 ,  116-117 

"        ataple—Swin^Uan^er— Illustration,  Plate  II.  .1,116-117 

Truck  Center— Illustration,  Plate  I 1,  58-59 
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Dome— Illustration I.     98 

"         Draw  Bar  Check— Illustration,  Plate  III 1, 170-171 

"         Driving  Wheel— Illustration I,    67 

"         Storage  of I,  252 

Cast-iron  Car  Wheel  with  Steel  Tire— Illustration IV,  209 

Use  of— for  Car  Wheels lY,  215,  21(5 

Wheels IV,  206 

Cast-SteelAVheels IV,  198 

Catch,  Doorholder— /f^Msfm^io?*,  Plate  II 1,  116-117 

**        Spring — Illustration^  Plate  II I,  llG-117 

Catches  for  Doors 1,243 

Cattle  Car,  Peloponnesus  'Rni]roa.i]— Illustration I,  190 

"       Guard,  Americsin— Illustration Ill,  342 

"       Guards 111,225,  256 

"  "       —Cost  of  Maintenance  of 111,292 

"       Trucks,  Use  of — for  Passengers I,  169 

Cavanaugh,  J.  A VI,    57 

Cedar  Ties Ill,  350 

CeiVm^— Illustration ,  Plate  II 1, 116-117 

"        Desifening;— Illustration,  Plate  II I,  116-117 

Lower  Beck— Illustration,  Plate  II 1, 116-117 

Cement 1,273 

Use  of— by  Railways VII,  213 

Centaur XI,    84 

Centennial  Exposition,  Locomotive  exhibited  at — The  First 

Passenger  Mogul,  1S7G— Illustration I.    46 

Center  Bearing  Arch  B-dr-IUustration,  Plate  II I,  116-117 

"  "  "       "      Body— Illustration,  Plate  11,1,116-117 

Beam— Illustration,  Plate  II I,  116-117 

-piates— Illustration.  Plate  II 1,116-117 

"       Strii^— Illustration,  Plate  II 1,116-117 

"  "        Inverted  Arch  Bar — Illustration,  Plate  II. . 

L  lin-117 

"  "        Pillar,  Body  Transom — Illustration,  Plate  II, 

I,  11(;-117 

"  "        Stool— Illustration ,  Plate  II 1, 110-117 

Bound  Track Ill,  217 

Brake  Balance  Spring— Illustration,  Plate  II.  .1. 116-117 
"  "  "  "         Bod— Illustration,  Plate  II... 

I,  116-117 

"  "       Beam— Illustration,  Plate  II I.  116-117 

"      Fulcrum— /?/?<s/ra^io?t,  P?afe //...I.  116-117 
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Center  Brake  ll^uc^er— Illustration,  Plate  II 1, 116-117 

"  "       Kelease  "^^rin^— Illustration^  Plate.  II. .  .1, 116-117 

"  "        Safety  }ia.no;er— Illustration,  Plate  II. .  .1, 116-117 

"  "        ^hoe— Illustration,  Plate  II 1, 116-117 

"  "       Transom— i/?if«^mrio?i,  Plate  II 1, 116-117 

"        Casting  TTwok— Illustration.  Plate  I I,  58-59 

"        Cross  Tie— Illustration^  Plate  III I,  170-171 

Fillino-,  Body  Bolster— Illustration.  Plate  III.  .1, 170-171 

'*        Nailiiiii-  ^tvip— Illustration,  Plate  III 1, 170-171 

"        Fin— Illustration,  Plate  II 1, 116-117 

"  "    Truck — Illustration .1,     65 

"        Plate  moQ^— Illustration.  Plate  II 1, 116-117 

"       -Rnrlv     Illustrations    K^'*^' ^^ 1,116-117 

Body— Illustrations,  j  p^^^^^  jjj ^  170-171 

"  "      Trviiik— Illustration,  Plate  II 1, 116-117 

"  "  "      BoX^ier— Illustration^  Plate  III 1,170-171 

"       Plates I?  214 

"        ^tem— Illustration.  Plate  II 1, 116-117 

"  "     FoWower— Illustration,  Plate  II I,  116-117 

"  "     Inner  Guide— Illustration,  Plate  II 1,116-117 

«  »     Pin— Illustration,  Plate  II 1, 116-117 

"  "     Spriwj;— Illustration,  Plate  II 1,116-117 

"        Sus-pensionhamp— Illustration,  Plate  II 1, 116-117 

Centers,  Driving-  ^Vheel— Illustration,  Plate  I I,  58-59 

Central  America — Its  Primitive  Associations  and  Means  of 

Carriage XI,  407-417 

"  "        —Primitive  Carriage  in— Ii/itsfm/io?is 

XI,  404-417 

Asia XI,    54 

"  —Carriage  in XI,  153 

"            "  — Its  Primitive  Associations  and  Means  of  Car- 
riage   XI,  362-365 

"  ^'   —Primitive  Carriage  in— Illustrations. .^1^3Q2-S66 

"  "  —Use  of  Portable  Railroads  in I,  223 

Pacific  Railroad Ill,  163;  V,  287,  432 

Railroad  of  Georgia VI,    20 

"    of  New  Jersey 111,363 

Centrifugal  Force,  Counteraction  of —on  Curved  Track 

....   ...  Ill,  187,  188 

Certificate,  Watch— Form  of IV,  336 

Certificates,  Convention V,  171 

of  Stock,  Sale  of Ill,    90 

"  Wages.     (See  also  "Time  Tickets") 

IX,  380-390;  X,  271 

"      —Payment  of IX,  390-397 ;  X,  286 

Ceylon— Its  Primitive  Associations  and  Means  of  Carriage. . 

XI,  353-358 

"       —Primitive  Carriage  in— Illustrations XI,  353-358 

Chafe  Thimble,  Draw  Bar— Illustration.  Plate  III I,  170-171 

Chafing  Plate,  Check  Chain— Illustration,  Plate  II.  . .  .1,  116-117 
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Chafiiiij  Plate,  Sprins:  Beam— ///H«/r«/?o?j.  Plate  II T,  116-117 

"      Transom— ////^s•/>•a/^•o»,  Plate  II I,  116-117 

"  "      Truck  Bo]ster— Illustration,  Plate  II I,  116-117 

Strip,  Side  Y}oor—Illnstration.  Plate  III 1, 170-171 

"  Strips,  End  Door— Illustration^  Plate  III 1, 170-171 

Chain  Brake 1 ,  292,  298.  306 

"      Hand 1,207 

•'       Check— Illustration,  Plate  II 1,116-117 

Face  Plate  Ketaining— /^^M-s'/rnVton.  Plate  II 1. 116-117 

Hand  Brake— Illustration,  Plate  III 1, 170-171 

Pin  JAfter— Illustration^  Plate  III I,  170-171 

"       Platform  B-diUu^— Illustration,  Plate  II I,  116-117 

Pulley,  Berth— Illustration,  Plate  II I,  116-117 

Safety  CouytWno;— Illustration,  Plate  II 1, 116-117 

Shaft,  Brake— Illustration,  Plate  II I.  116-117 

Sheave— Illust ration,  Plate  II .1, 116-117 

Bracket— Illustration^  Plate  II 1,116-117 

"       S^rino;— Berth— Illustration,  Plate  II 1, 116-117 

Chains,  Coupling  Cars  by I,  204 

Chair  Cars V,  221 

"      Rail— Invention  of Ill,  177 

"         "    —the  First,  Nevv-Castle-on-Tyne,  A.I).  1197— Illus. 

tration III.  177 

Chairs,  Rail HI,  332.  341 

-    —Use  of 111,374 

"       Reclining— American— /^^HsfraiioH 1.  218 

Chairman  of  the  Board II,  131, 138,  143 

Chaldeans.  Building  Among XI.    81 

"  Carriage  Among XI,    75 

Home  of  the XI,    79 

Change,  Indisposition  to— Danger  of X.  46.    47 

Changes  in  Railway  Force II,     67 

"  "   the  Railway  Service,  Due  to  the  Introduction  of 

Electricity I,  392 

Channel  Carrying  Exhaust  Steam  from  Cylinder  to  Smoke- 
stack— Illustration I,    65 

"         Live  Steam — Illustration I,    65 

Characteristics,  General — of  the  Alternating  Current  System 

1,441-443 

of  Men II,    17 

"    Railway  Service IL  63,    64 

Charges,  Advanced — Verifying IX,  91 ,    92 

""  Baggage — Interline  Excess V,  509 

"  "         —Local  Excess V.  508.  509 

"  "  Storage V,  509.  510 

"         —Unpaid V,  509 

Car  Service VI,  219.  220 

"  Demurrage VI,  49,  58-63 

"  Excess  Baggage — Collection  of V,  462-477 

"  Express — Collection  of V,  523 
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Chiiri;oii.  Fixed— Cleaning  of  tlie  Term Ill,  413 

for  Cartao:e VI,  9,    10 

"  "    Transferrin »r  Cars VI,  222,  228 

"  ''    Weighing  Cars Yl,  222.  223 

Freight VI,  105 

—Accruing  en  Route VI,  213-215 

"  "  — Accumulation  of  I  npaid IX.    75 

—Advanced VI,  113,  125,  158;  IX,  320-323 

"  •'  "  — Rules  Governing VI,  160 

—Collection  of IX,  65-74,  290,  308-31G 

"  •'         —Extending  Credit  for .IX,  65-74 

—for  Special  Cars VI,  124 

"  "         — Guaranteeing VI,  95,     96 

—Interline,  Prepaid VI,  156 ;  IX.  126 

-     "  — Rules  Governing  ...VI,  161,  162 

—Miscellaneous VI,  158,  215-217- 

—Prepaid VI,  156,  214 

—Receipt  for VI,  217,  218 

—Unpaid VI,  158,  214 

—not  Specified  on  Way  Bills VI,  215-217 

'^    Waybilled VI,  214 

**  "  -Payment  of VI,  209 

—Prepaid VI,  113, 125,  152-157  ;  IX,  315 

"  "         — Prepavment  of VI,  96;  IX,  126-129 

—Receipt  for YI,  197-210 

"  *'         — Receipts  Given  Shippers  for IX,  114 

"  •''         —Uncollectible IX,  132,  133 

—Unpaid VI,  152 

"  "         —Verifying  Uncollected IX,    77 

"  Government  Freight VI,  279 

"  Local— on  Way  Bills VI,  129,  130 

"  Miscellaneous — Accounting  for IX,  62-64 

"  Special— Wav  Bill  for VI,  131 

"  Stockyard— Waybilling VII,  310 

Storage VI,  107 

for  Baggage V,  424-427 

"  Switching YI,  252-255 

—Collectible VI,  260,  261 

—Due  Other  Companies VI,  258,  259 

—Receipt  for VI,  255-258 

—Record  of VT,  255-258 

Terminal Ill,  408,  409 

"  Transportation— on  Material A^II.  276-278 

"  Unrefunded— Monthlv  Return  of VI,  265,  266 

—Receipt  for YI,  263,  264 

—Record  of VI,  263,  264 

Charging  Floor I,  258 

"  — Instructions  to  Trainmen I,  371 

Chariot,  First  Use  of XI,  102 

"        of  Nausicaa  XI,  1 52 
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Chariot,  Use  of— in  Battle XT,  103 

"    " —ill  Primitive  Times XJ,  104 

Chariots ^i  293 

Bronze XI,  102,  lOG 

"  E^vptian XI,  110,  111 

of  Antiquity XI,  103 

"  Reference  to— by  Homer XI,  103 

"War— Wheels  of IV,  190-193 

Charles  I ^^^  lOG 

Charleston  &  Hamburgh  Railroad, Train  of— Illustration  .  .1,    33 

Charlton,  James V,    80 

Chart,  Ticket— Interline V,  136-138 

"       Time IV,  71-75 

"    Table— Form  of IV,  505 

Charts -I^  213 

Charter,  Cost  of UI^  15G 

*'        Procurement  of HI^  156" 

Charters,  Drawing •  •  ;?l'  ?2'^ 

"  Grant  of VIII,  179 

Check,  Bank— In vention  of XI,  128 

''       Chain— Illustration,  Plate  II I,  116-117 

"  "      Chsi^u^'Pla.te— Illustration^  Plate  II 1,116-117 

**  "      'EyeBolt— Illustration,  Plate  II 1,116-117 

*"  "      Kook— Illustration,  Plate  II 1, 116-117 

"  "      Loo^— Illustration,  Plate  II 1, 116-117 

"      Metal I.  266 

"      Room I.  266 

"       Screws  for  Cluster— Illustration,  Plate  II 1, 116-117 

"Check'-  System  of  Keeping  Time I,  265,  266;  VII,  3CA-3GS 

Check  Valve — Illustrations,  Plate  I I,  58-59,  60,  79,  344 

,     _  --„     ,     ,.  (  Plate  1 1,58—59 

-     Csise-Illustrations,  -J  p^^^^^  jj 1, 116-117 

"  "     in  Air  Pipe — Illustration,  Plate  II I,  116-117 

"  "     Syyi'iug— Illustration I,  344 

Checks,  Accepted  by  Agents  IX,  345,  346 

Baggage.     (See  also  "Way  Bills.") V,  53,    54 

"  "        —Access  to V,  433 

—Care  of V,  436-439 

—Cost  of V,  378 

'•  "        —Exchange  of V,  333 

_Lost V,  330,  331,  440,  441,  503,  504 

"  "        —Merits  of  Metal V,  375 

—Mismatching V,  331-333 

—Objections  to  Metal V,  372-375,  377,  378 

"  "        —Reversible V,    55 

—Shell V,  55,    56 

—"Shell"  Strap V,  490 

-Useof V,880-383 

"        Indorsements  on   IX,  344-346 

"        Mileage  Exchange V,  211 
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Checks,  Money— Accepting X,  262 

''      —Care  of X,  271 

"      —Drawing VII,  445 

"  ''      —Effect  of  Paying  Wages  in X,  190 

"      —Forgery  of X,  188 

—Indorsing VII, 444,  445 

"      —Issuing X,  267,  268 

"      —Lost VII,  440;  X,  98,  268 

"      —Payment  of  Wages  by X,  188-215,  235-252 

"      —Spoiled X,  268 

"      —Stolen X,  268 

"      —Writing  on IX,  433 

Pay— Cashing X,  193, 194, 202,  203 

"   —Cost  of  Payment  by X,  212,  215 

"  «  —Delivery X,  240,  244 

"  —Differences  in X,  208 

*'  —Distribution  of X,  208,  212,  213,  244-247 

"  —Funds  for  Cashing X,  248-250 

'^  —Issuing X,236-244 

"  — Eules  Governing X,  235-252 

"  —Uncalled  for X,  251 

"        Receiving IX,  188 

Stop-over V,  213-216:  X,  127,  128 

Time VII,  361-363 

"■        versus  Currency X,  211-215 

Checking  Baggage V,  436-439 

—American  System  of V.  377-383 

Speed  of  Trains 1,317,  318 

Chemical  Energy — Its  Conversion  into  Electrical  Energy,. I,  402 

"  "       —Production  of  Electricity  by I,  397 

"  "  "  "  Heat  by I,  397 

"              "       — Transformation  of,  into  Mechanical  En- 
ergy  I,  393 

Tests 1,277 

Chemins  de  fer  De  L'Etat  Beige,  Locomotive  of I,  150 

Chest.  Steam I,  286 

"  ^'      —Illustration^  Plate  1 1,58-59 

"  "     — How  Kept  Free  from  Cinders I,    95 

Chestnut  Ties Ill,  350 

Chewsures XI,    72 

Chicago  &  North-Western  Railway Ill,  89, 183,  184 

Milwaukee  &  St.  Paul  Railwav Ill,    88 

Rock  Island  &  Pacific  Railroad Ill,  360 

Chief  Engineer II,  138 

"       —Duties  of II,  210-223 

"     Executive        "      "  II,  143 

—Influence  of II,    81 

—Titles  of..     .    11,143 

"      Manager.     (See  also  "General  Manager.") .II,  134 

Chiefs,  Barbaric— Power  of o XI,  32,    35 
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Children,  Property  Rights  of XI,    14 

"      '   Value  of XI,    17 

"  Recooftiition  of XI,  26 

Chilled  Ivon—IUnstration IV.  202 

"  "     Wheel,  for  Passenger  Cars— //iws/ra/ion- IV.  201 

"       Wheels I,  302;IV,  19S 

"      —Manufacture  of IV,  200-207 

"     —Patterns  of IV,  207 

Chilling.  Process  of IV,  201.  202 

Chime  Whistles— /?/?<.s7r«//o?i.  Plate  I I,  58-59 

Chimney,  Side  Lamp— ///u.s/ra/io?^.  Plate  II 1, 116-117 

\Qxit\\^X.\ng— Illustration,  Plate  II. 1, 116-117 

Chimneys,  Destruction  of — How  Overcome I,    53 

China XI,  16-69 

"      Carriage  of V,  519 

"      — Its  Primitive  Associations  and  Means  of  Carriage. . . 

XI,  254-272 

"      —Primitive  Carriage  in— Illustrations XI,  254-272 

"      Raihvav  Locomotive — Illustration I.  121 

Chinese  Vehicles,  Wheels  of IV,  191 

Chios XI,  106 

Christ.  Teachings  of XL  20.     41 

Christianitv,  First  Teachings  of XI,    70 

Chronicle,  The  Baltimore I.  190,  1 95 

Chronomerers.  Use  of — by  Railvvavs .VII,  209 

Churchward,  James '. Ill,  328,  332,  334,  33S 

Chute,  Cinder— Illustration^  Plate  I I,  58-59 

"      Coal T,  108 

Cinder  Ballast Ill,  221,  222 

Chute— Illustration,  Plate  I  T,  58-59 

"  '•       S\U]e— Illustration,  Plate  1 1,58-59 

"        Gondola — Illustration I,    60 

Cinders I,    96 

''        Handling — at  Roundhouse I,  260 

"        — How  Kept  from  the  Steam  Chest  and  Cvlinders.I.    95 

In  the  Air  Brake '. I,  369 

Removal  of I,  246 

Circuit  Breaker I,  460,  461 

"        Current  in  a — How  Found I,  402 

for  the  Flow  of  Electrical  Current I,  397 

Resistance  of 1.415,416.432,433,475.476 

"        Street  Railway— Electro-Motive  Force  on I,  401 

Transmission I.  396,  449 

Circuits.  Emploved  in  the  Control  and  Operation  of  a  Block 

System— Illustration IV.  285 

High  Tension I.  452 

"         Losses  in I.  415-419 

Circulars IX,  41,    42 

Circulating  Tirum— Illustration,  Plate  II. 1. 116-117 

Pipe,  Hot  Wiitev— Illustration,  Plate  II. . .  .1, 116-117 
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C[rcu\at\n^Fil>e,Ste3.m— Illustration,  Plate  II 1, 116-117 

Circulation  of  Heated  Air I,  261 

Circumferential  Sea.m— Illustration,  Plate  I I,  58-59 

Circus  Trains,  AVay billing VI,  138 

Cities,  Vouchers  in  Favor  of VII,  435 

City  &  South  London  Railway— Use  of  Electricity  on I,  505 

Civil  Engineer 11,175,176,  198;  III,  131-133,  311,  312 

''  "  Characteristics  of  II,  210,  211,  213 

''  "  Functions  of 11,211 

"      Engineers.  Requisitions  of . .  .VII,    72 

*'      Liberty — How  Maintained XI,    45 

''     Service  of  Railways II,  143,  153,  204 

Civilization .    II,    36 

Complex 1,136 

"  Organized 1,136 

"  Relation  of  Property  to XI,      9 

—To  What  Due II,    34 

Claim  Agent II,  224,  234-236;  V,  319;  VI,  287 

"      Bureau 11,138,  245 

"      Department  Scope  of VI,    19 

Claims VI,  18-22 

Adjustment  of VI,  283-295 

"  —in  England VI,    21 

"        Against  the  Government VI,  276-279 

Agents'— for  Relief VI,  295,  296; 

IX,  129-131,  259,  267-269,  369-374 

Baggage V,  337,  339,  340 

—Settlement  of V,  315-322 

Damage— Interline VI,  300-306 

Delays  in  Settlement  of VI,    21 

"        Department  Having  Charge  of II,  232 

Freight— English VI,  332,  333 

"        Interline — Rules  Governing VI,  297 

—Settlement  of VI,    21 

"        Joint— Auditing VI,    20 

Loss— Interline VI,  300-306 

Overcharge— Interline VI,  298-300 

Settlement  of,  II,  137,  232,  235 ;  VI,  19, 20, 283-295;  IX,    C3 

"        Unjust— Efforts  to  Enforce II,    17 

Clamp,  Hose— Illustration,  Plate  II 1, 116-117 

Clan XI,    67 

''    Origin  of XI,    27 

"    Religion  of XI,    41 

Clapperton XI,    28 

Clark,  Thomas  C Ill,  318 

Classification  Adopted  by  Association  of  American  Railway 

Accounting  Officers VII,  468,  469 

Common VI,    30 

"  of  Construction  Accounts VII.  456-469 

"  Freight VI,  27-29 
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Classification  of  Labor VII,  379-382 

•'   Operating  Expenses VII,  472-499 

Value  of X,  142-147 

"  •'  Passenger  Traffic,  English V,  244 

**  "  Railway  Officers  and  Employes II,  306 

"  "  Trains IV,  352,  353 

Purpose  of VI,     26 

"  Railway VII,  453-471 

"  Table,  the VI.     26 

**  The  Western VI,  444 

**  Uniform— Its  Ei^ect  on  Commercial  Interests 

VI,    34 

«  "  "     Impracticability VI,  35-37 

Uniformity  in VI,  26,  30-37 

Classifications VIII,    53 

"  for  Different  Sections  of  the  United  States, VI,     34 

"  Relation  of  Discrimination  to VIII,     56 

"  Study  of— by  Agents ....IX,     57 

Clean  Valves — Instructions  to  Engineers I,  365 

Cleaners Ii  270 

Cleaning  Brake  Cylinders I,  329 

"         Cars I,  269 

"         Cylinders  and  Triple  Valves— Instructions  to  Car 

Inspectors I,  331 ,  332 

"         Door— Illustration^  Plate  I I,  58-59 

Freight  in  Transit VI,  267 

Triple  Valves I,  329 

Cleanliness Hi     21 

Necessity  of IV,  68,     69 

of  Paint  and  Oil  Stock  Rooms I,  274 

Clear  Story— Hhtstration^  Plate  II. 1, 116-117 

Clearance  Posts Ill,  238 

Clearing  a  Train— Meaning  of  Term IV,  317 

"Clearing  and  Grubbing." VII,  460 

Clearing  House  Half  Yearly  Parcel  Settlement V.  269,  270 

"  "       Passenger  (Jredit  Statement,  English.  .V,  262-265 

"  "  '*  Debit  Statement,  English V,  261 

"  "        Station  Debit  Returns,  English V,  267-269 

"Clearing  Wrecks." VII,  491,  522 

Clearness.  Necessity  of — in  Accounting IX,  297-306 

Clerical  Force,  Skill  of Ill,  468,  469 

Work II,  282 

"     Cost  of II,  288 

Clerks,  Bill VI.  133 

Billing— Duties  of IX,  49,    50 

English IV,  447-450 

Tally,  Duties  of IX,    50 

Time X,    67 

Value  of II,  282 

Clevis,  Pin  lAUer— Illustration,  Plate  III 1, 170-171 
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Climate,  Eft'ect  of— Oil  Bruises 111,294,295 

"       "    Property 111,477-478 

"  "        "       "    Rails 111,272-277 

"      "Ties 111,282 

u      "Track 111,287,288 

"        Influence  of — on  Cost  of  Maintenance Ill,  383,  391 

Clinker  Pit I,  246 

Cloak  Rooms,  English V,  249,  250 

Clock  System  of  Timekeeping I,  266 

(blocks.  Rules  Governing IV,  335-338 

Closed  Clasp,  Side  Door— IllustraUon^  Plate  III 1, 170-171 

Conduit  System 1,  46G 

"       Stop,  End  Door— Ilhistration.  Plate  III 1, 170-171 

"  "      Side  Door— Illustration,  Plate  III  I,  170-171 

"       Switch,  Meaning  of  Term.. IV,  312 

Cloth,  Emery— Use  of,  by  Railways VII,  212 

Clothing,  Origin  of  the  Use  of XI,    63 

Cloths,  Furnishers  of I,  182 

Club— the  First  Weapon XI,    62 

Cluster— Illustration,  Plate  II 1, 116-117 

"        Checks  Screws  for— Illustration,  Plate  II 1, 116-117 

"        Stem— Ilhtstration,  Plate  II 1, 116-117 

"  '^        Lock  ^ut— Illustration,  Plate  II I,  116-117 

Coach,  American  Form  of.  I,  203 

"  "  "       "  — How  Looked  Upon  by  English 

People I,  184 

Covered XI,  106 

"       First  Class  Passenger I,  174 

"       Passenger — American  Stsmdard— Illustration I,  216 

"       Wheels,  Steel  Tired I.  302,  303 

Coaches.     (See  also  "Car"  and  "Cars.") 

Day— Weight  of 1,165 

"        First  Let  for  Hire XI,  106 

"        Passenger I,  203 

"        Various  Classes  of 1,202 

Coaching  Returns,  English V,  252-259 

Traffic- in  England V,  237 

Coal  Accounting  for VII,  315 

"      Anthracite— Composition  of VII,  167 

—Deterioration  of VI  1, 168-170 

—Grates  for I,    96 

"      As  a  Source  of  Power I.  393 

"      Bituminous — Composition  of VII,  167 

—Deterioration  of VII,  164-167 

"      Box— Ilhistration,  Plate  II 1,116-117 

"      Car,  Victorian  R-dUway— Illustration I,  163 

"      Cars 1, 121,  207 

"      Chute I.  108 

"      Combustion  of IV,  41,  42, 44-4S 

"     Comparative  Cost  of Ij  103 
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CoaLCoiiPuniption  of— by  Locomotives 1. 71,    72 

"     Cost  of vn   q9? 

"      Deterioration  of ^^\y  ^r*^ 

"      Differences  in  Quality  of X|J'  iiV 

"      Effect  of— on  Fire  Boxes t      k^ 

"      Experiments  Ketjardin^^  tlie  Use  of 1,    o4 

"      Heat  Produced  by  Burning •  •  •  1»  :J"^ 

'•      Heating  Capacity  of viJ,  ibj 

"      House '  . 

"      Invoices  of ^{J'  '^l^. 

"      Moisture  in •  •/  o«      qq 

"      Oil,  Handling ^  \^^^  J^ 

"      Receiving *      "• 

Coat  Hook— Illustration,  Plate  II 1, 116- 117 

CockAn^le     1,32(5,372,373,376,377 

i.OLK,Ang    _j^^^^^^,.^^.^^3^  Platell 1,116-117,320,321,  372 

"      Bleed ^;  ^^^ 

"       Bleeding — Illustration.  Platell 1,116-117 

B\o\yeY—Ill>i-'^tration,  Plate  I T,  58-59 

"      Burner— Illustration,  Plate  II 1, 116-117 

"  Cut  Out ^  '  '^        "> 

"      '^    —idusiration,  Plate  III 1, 170-171 

4i         "      "    Brake — Illustration,  Plate  II 1. 116-117 

"         «      "    _in  Air  Pipe  Under  Engineer's  Ya.\\e— Illus- 
tration     1,  539 

»t         "      "        '•   Branch  Pipe — Illustrations 1,540,541 

u         u      .i    —Sio-nal  Branch  'Pine— Illustration,  Plate  II 

" 1,116-117 

"      Cylinder  -ReViei—Hiustrations ^'J^^n 

"      Dt\\^— Illustration,  Plate  I I,  o8-o9 

"      Four-Way J'  f^O 

"      Ho«e ' 

Hot  ancl  Cold  visLteT—IUustration,  Plate  II 1, 116-117 

"      Lever  Cylinder — Illustration,  Plate  I I,  58-59 

"      Reservoir • ^  *  ^ 

"      Stem  of  Three-Wav— /?/«^'^^'-«''^",  -P?«'e  II 1. 116-117 

"       Stoi>-Train  Sigua.\— Illustration,  Plate  II 1, 116-117 

"      Straight-Way : ^  •  • -J'  ^72 

>^  —Plain— Illustrations 1, 322,  372 

•'      Three-Way ^'  ^^^ 

—Illustrations,  Platell I,  116-117,  348 

•'      Train  Pipe I'  oo^ 

Cocks J,  pdU 

"      Air— Instructions  to  Trainmen T,  372 

"      Angle— for  Closing  Train  Piipe— Illustrations  .J,  540,  541 

"      Cvfinder a;  ' ' "  V vho  ^t 

—Illustration,  Plate  I I,  58-o9 

—Closing IV,  352 

"      Drip I'  31o 

"      Gauge A'    °" 
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Cocks,  Gauge  or  Water— /^?ws<ra<toH.s,  Plale  I I,  58-59,    (J-1 

"      in  Train  Pipes 1,321,323,324 

Coil,  Expandin<;-  GQunT-dtov— Illustration^  Plata  II 1, 116-117 

Coils I,  407,  408 

"      Armature 1,472,  473 

"  "  for  Kailway  ^lotor— Illustration I,  ^11 

"      Insulation  of I,  457 

Coin,  Kemitting .IX,  417 

"      Transportation  of V,  519 

Coins,  Mutilated IX,  327 

"      Receiving IX,  327 

Coinage Ill,    10 

Free HI,    11 

Coke,  Accounting  for VII,  315 

"      Cars 1,121 

Cold  Water  Vi^^Q— Illustration^  Plate  II I,  116-117 

"  '^  "      to  Bo\n\— Illustration,  Plate  II 1, 116-117 

Colebrookdale HI,  176 

Collar,  A^\q— Illustration^  Plate  III .  .1, 170-171 

Collaterals ^ HI,    16 

Custody  of II,  186 

Collecting  Agencies,  for  Freight  Charges IX,  71-74 

Collection  of  Freight VI,  9,    10 

"  Railway  Revenue IX.  72-92 

Way  Bills IX,  92,  93,  310,  311 

^'  —Rules  Governing VI,  211-213 

Collections,  Cash  Fare V,  192-194 

"    —Rules  Governing V,  194-1 9 S 

Conductors' IX,  419,  420 

»'  Ferry— Record  of VI,  221,  222 

"  Freight — Accountingfor VI,  205 

"  "        —at  Stations IX,  65-74 

"  "        — Discreoancies  in VI,  206 

Miscellaneous . /. IX,  60-62,  282 

—Remitting IX,  424-427 

Special— Accounting  for Vll,  414-429 

"  Station — Remittance  of IX,  352 

Stockyard VH,  340,  341 

"  Suppressing X,     58 

"  Suppression  of — by  Agents IX,  206 

"  Ticket— Auditing X,  123 

"     —Conductors' X,  123,  124 

Collectors,  Ticket V,  16, 17,    83 

Colleges,  Railway — Establishment  of II,  222 

Collieries,  Proprietors  of — in  Great  Britain II,    45 

Colliery,  The  Wylam I,    23 

Collisions,  Prevention  of IV,  122 

Protection  of  Trains  from IV,  293-301 

Rear IV,  81, 123,  124 

Color  Blindness IV,  224-243 
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Color  Blindness — Cause  of IV,  224 

"  "        Prevalence  of — in  Railway  Service IV,     18 

Testincrfor IV,  232-239 

Writings  on IV,  228 

Colors,  Meaning  of— as  Signals  IV,  340,  341 

Use  of— for  Signals IV,  263 

Columbia  &  ^larjiand  Railway — Use  of  Electricity  on.  I,  504,  505 

Columbus   ; XI,  122 

Column  Bolt— Illustration^  Plate  III I,  170-171 

Columns I,  214 

Combination  Coupling I,  374 

Drip  Cock— Illustratio7i,  Plate  II 1, 116-117 

Combinations,  Causes  of VIII,     64 

Effect  of VIII,    61 

Combustion,  Explanation  of IV,  41,  42,  44-48 
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Maximum  Amount  Per  Hour I 

"  Production  of  Heat  by I 

Rapid I 

"Comet'"  Locomotive I 

Commerce,  Conditions  of — iu  Ancient  Times XI 

"  Equities  of VI 

"  Fluctuations  of II 

"  Natural  Laws  Governing VIII,  21 

"  Origin  of XI 

"  Relation  of  Special  Rates  to VIII 

"  Requirements  of XI 

Commercial  Agents V 

*'  Travelers,  Baggage  Tickets  for V 

Commission,  Cbaracteristics  of  a  Valuable VIII 

"  Description  of  a  Desirable VIII 

"  Value  of  an  Impartial VIII 

"Commissions" VI  I.  493 

Commissions,  Payment  of — to  Agents  of  Otlier  Lines. .  .V.  49 

Ticket V.  49 

Commissioners,  Government Ill 

Committee.  Arbitration — English VI 

Committees  of  Directors 11,130 

Commodity  Statement VI 

Common  Carrier — Meaning  of  tlie  Term VI 

The  First XI,  83 

"         Carriers,  The  First  Reference  to XT 

Stock Ill,  65-69 

Communal  Period,  Close  of. XI 

Communism XI,  24 

*  Age  of XI 

"  Existence  of . . .   XI 

Communistic  Period,  The XI,  28 

Community  ElTect  of  Over-construction  on VIII 

'*        "         "      '*  Unnecessary  Railroads  on VIII 

"  Injury  to — by  Unwise  Legislation VIII 
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"  "         ''       "  Railwaj''  Constructi()n 

VII1,172,  173,  285,  292 

"  Prosperity  of — Dependent  Upon  Railroatls.VIIl,    20 

"  Protection  of — Against  Excessive  Rates. .  .VIII,  101 

"  Relation  of  Carriers  to VIII.    84 

"   —to  Railroads VIII,  20,  188 

"  Rio^hts  of II,    15 

"  Rules  Governing XI,    29 

Commutation  Tickets V,  93,  99-101 

Commutator I,  407,  408,  411,  42G,  457,  471 

"  Construction  of I,  421 

Effects  of  Sparking  on I,  473 

"  Flashing  at  the I,  415 

"  Segment  of  a  —  Showing  Grooves  at  Top  of 

Neck  for  Attaching  Wires  from  Armature 

— Illustration I,  407 

"  Showing  Segments  to  Which  Armature  Wires 

are  Connected — Illustration I,  408 

Companies,  Limited U?  41,    42 

Comparison  of  Cost I,  283 

Comparisons  of  Freight  Rates  of  Different  Countries. .  .VI,  37-41 

Traffic— in  Different  Countries.  VI,  8-11 

''   Outlay I,  287 

"    Work I,  287 

Result  of    1,289,290 

Compartment  and  Passenger  Car,  Joint  Service — Illustration 

I,  221 

"  Car.  Bosnian  Railway — Illustration 1,  214 

"      English— Origin  of 1.183.184 

"      New  South  y^'s^e^— Illustration I,  225 

Cars 1, 177,  201.203;  IV,  122;  V,  28,    29 

"  Sleeping  Car,  Aw^tv'mn— Illustration I,  226 

"  Smoking — in  an  American  Car— Illustration^  I,  213 

Compass  Needle I,  400 

Compensation,  for  Labor II,    34 

Competency,  Necessity  of — in  Railway  Service Ill,  415,  416 

Competition II,  110 

Advantages  of Ill,  147 

Effect  of . ...  1, 145, 166;  VIII,  8,  9.  34,  62,  80,  93, 

108, 126, 136, 168,  169, 172, 174, 180,  181 

"       "—on  Credits IX,    71 

"  "        "  Pools  on VIII,  10,  155 

Extent  of VIII,  9.  176 

for  Preferment X,    63 

Fruitsof VIII,  9,    35 

"  in  America VIII,  10,    83 

in  Germany VIII,    83 

"  Influence  on  Rates VIII,  45,    46 

—Its  Effect  on  Labor II,  104 
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Competition,  Processes  of VIII,  146 

Railway V,    30 

Eesultof V,    32 

Universality  of VIII,  8.  10,    62 

Wastage  of VIII,    34 

Competitive  Business II,  237,  238 

Competitors,  Advertising  Matter  of V,  116 

Advice  to  Officials  of  Movements  of V,  113 

"  Deviation  from  Rates  by V,  114 

"  Reporting  Irregular  Practices  of V,  114 

Complications,  Cause  of II,    16 

Compound  CsivVmQ— Illustration^  Plate  II 1,  116-117 


Locomotives — While  there  are  numerous  refer- 
ences to  the  Compound  Locomotive  in  Vol- 
ume I,  and  also  a  number  of  illustrations, 
yet  the  reader  is  referred  for  a  full  account 
of  the  Compound  Locomotive,  fully  and 
practically  illustrated,  to  Volume  XII. 
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Illustrations Ill,  252,  253,  255 

"  "      Troy   Union    Railroad— A.   D.    ISoo—Ilhis. 

trations Ill,  254,  257 

"  Wound  Dvnamo I,  409 

"  "  '  "  Two  Field  Windings— /???(sfm. 

tio7i I,  409 

"  "        Generators I,  459 

Compressed  Air, I,  244,  262,  269,  274,  305,307,  334 

"     Brake I,  292,  299 

"    for  Shop  Purposes 1,384 

**  "    Locomotives  Propelled  by I,  223 

"             "    L"se  of — for  Protecting  Trains    Automat- 
ically  IV,  299-301 

Compression  Bea.m—IUusiration,  Plate  II 1, 116-117 

"      Bv2iC%— Illustration^  Plate  II. T,  116-117 

"  "  "     A\xyL\\\2iTy— Illustration^  Plate  II 

1,116-117 

"  Members  of  Brake  Beam I,  214 

Compressor,  Air I,  244,  485 

"  —The  Sweeney — Illustration ...  I,  383 

Comptroller II,  139,  285 

Concentration  of  Authoritv I,  284 

''  Responsibility I,  284 
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Concentration  of  Shops I,  283 

Concessions II,  ^!50 

"  — Injudicious II,  110 

Conclusions,  General —KegarcUng  Pressure,  Distance,  Cost 

and  Loss  in  Circuit I,  419,  420 

Conducting  Transportation VII,  485-495,  518-528 

(Conductor,  The IV,  52-54 

Conductors VI,    16 

Accounts  of— Auditing V,  84,  85 ;  IX,  307 

"  Appliances  of — for  Collecting  Fares V,  119 

"  Authority  Over II,  199 

Conductors'  Brake  Valves I,  319,  330 

Conductors,  Cash  Collections  of V,  192-194;  IX,  112,  113 

"    Fare  Receipts IX,  83,    84 

Collections  of IX,  419-424 

"  "  "  —Auditing V,    86 

"  —Defrauding IX,  214-216 

"  Dining  Car — Responsibility  of VII,  300 

"  Duties  of IV,  401 ;  V,  ISO,  217 ;  VII,  367 

"       "  —on  Construction  Trains IV,  373,  375 

"  Electrical I,  398.  399,  431,  432,  435,  439,  450,  462 

"  "         —Copper.. 1,451,452,457 

—Cost  of 1, 422, 533-537 

"     "   Copper  in I,  420 

"  "         —Overheating 1,429 

"  "         —  Power  Lost  in I,  451 

"  "         — Pressure  Between I,  437 

"  "         Surface— For  Collecting  Current 

1,464,  465 

English IV,  441 

Evasion  of  Rules  by V,  182 

"  Examination  of  Car  Seals  by VI,  104 

Fares  Collected  by IX,  118,  119 

Fiscal  Duties  of , IX,  307-437 

"  Freight— Instructions  to VI,  308-310 

—Returns  of IX,  52,  53,  55,    56 

"  "       —Rules  Governing IV,  409-415 

"  "       — Waybilling  Instructions  of VI,  114 

General  Instructions  to IV,  402-415;  V,  172-179 

"  Leaving  Service,  Retaining  Wages  of. .  .VII,  404,  405 

"  Licensing II,    47 

"  List  of  Supplies  Required  by V,  593 

"  Passenger VI,    14 

—Rules  Governing IV,  406-409 

'*  Payment  of  Fares  to V,  118 

Remittances  of..  .V,  174;  IX,  291,  419-424;  X,  135-139 

"  Reporting  at  Night  Telegraph  Stations IV,  380 

"  Responsibility  of IV,  52,  359, 374, 377,  402,  403 

"  "  "  —for  Subordinates V,  174 

Returns  of V,  156-158,  216-222 

" —for  Fares  Collected V,    81 
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Conductors,  Returns  of  Freight  Hauled VI,  179,  180 

Required  of VI,    83 

"  Rules  Governing' V,  112 

Tickets  Collected  by X,    67 

Conductor's  Y2l\\q— Illustration.  Plate  II 1, 116-117 

"  "      Branch  Pipe  to— Illustration^  Plate  II... 

I,  116-117 

"      for  Applying  Brakes— /??"«^mf /Oil 1,540 

"  "      — Instructions  to  Trainmen I,  32G 
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Conduits.  Water-tight I,  466 

Connecticut  Railroad  Commission Ill,  164 

Connecting  Lines,  Operation   of — Where    the  Gauges    Are 

Different HI,  194,  195 

Rod I,  92,  334 

"      Brake  Lever— I^Z«s#m/ion,  PZafeJ/1. 1, 170-171 
"  "      Cylinder  Lever— I??w.s^r«/«o»,  P/«fe//.  1, 116-117 

"  "      Hand  Bvsi^ie— Illustration,  Plate  II. .  .1, 116-117 

"  "      UodcreLever— Illustration,  Plate  II.. l,lie-U7 

"  "     Locomotive I,    87 
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Connection,  Cylinder  Lever  and  Foating  1^q\qy— Illustration 

Plate  III 1,170-171 

«  "  "         "    Hand  Br-Ake— Illustration 

Plate  III 1,170-171 

"  Floating  Lever  and  Live  Truck  Lever— 7i/ws^ra- 

tion,  Plate  III .1, 170-171 

"  Main  Hod— Illustration.  Plate  I I,  58-59 

"  Pump — Illustration.  Plate  I I,  58-59 

"  "      F^:Khnu&t— Illustration,  Plate  1 1,58-59 

"      Steam— Illustration,  Plate  I I,  58-59 
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Receipt  to— for  Charges VI,  197-210 
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Consignment  Notes VI,  318 

Consolidation,  Effect  of VIII,    61 
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Consolidation,  Freight  Locomotive,  Brooks*— //?Hs^m/^■on.. I,  138 
"  "        or  Goods  Locomolive,  New  South 

Wales — Illustration. .    I,  128 

"  of  Properties II,    27 

Progress  of VIII,  203,  205 

Constables 11,  195 

Constant  Potential  Dynamo I,  408 

Motors 1,415 

Speed  Motor I,  445 

Constitntional  Eight,  Questions  of II,  229 
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Consulting  Engineer II,  138 

Consumer,  Eft'ect  of  Rates  on VIII,    26 

—Relation  to  Rates VIII,    50 

Consitmption,  Effect  of  Rates  on VIII,    80 

Continent,  American— the  First  Locomotive  to  Draw  a  Car 

on— "Tom  Thumb,"  l82d~inu-'^fration I,     27 

Continuous  Basket  Bsick— Illustration,  Plate  II I,  116-117 

Brake 1,298 

Current— How  Secured  I,  407,  408 

"  Draft  Rigging — Illustration T,  176 

or  Direct  Current I,  420,  421 

"Contra-Construction  Earnings'' VII,  467 

Contracts Ill,    ^0 

"  Authentication  of 11,  182 

Drawing II,  137,  232 

"  Execution  of V,  519 
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Contracts,  Live  Stock V,  204;  VI,  101 

Material VII,  89,  288,  289 

Special V,  169 

Control,  Goveniineiit.     (See  also  "Government  Control/') 

—Objections  to VII,  11,    12 

"         Private  versus  Government — of  Railroads VIII. 

Controlled  Manual  Block  System IV,  276 

Controller,  the I,  483-485 

"  for  Electric  Motors;  Open,  Showing  Drum  and 

Fixed  Contacts — Illustration I,  486 

"  "    Two  Fifty-Horsepower  Motors — Illustration 

...I,  484 

"  "       "     Railway  Motors — Illustration  I,  485 

Convention  Certificates . . , V,  171 

Tickets V,  92,  107 

Conventions,  Notice  of — to  Officials V,  113 

Converter,  or  Transformer I,  422 

Rotary ...1,427 

Conveyance,  Exhaust  Process  of I,  274 

Conveyances,  Execution  of V,  519 

Cook XI,    28 

Cooley,  L.  E Ill,  133 

Cooler,  Water— Illustration,  Plate  II 1, 116-117 

Cooper,  Peter — Locomotive  Built  by — Illustration I,    27 

Cooperage,  Charges  for VI,  94;  IX,  61 

Co-operation,  Among  Railroads I,  287 

"  —How  Obtained  by  Managers VII,    71 

"  Necessity  of  in  Commerce VIII,    39 

"  Systematic I,  284 

Value  of II,  290;  IX,  433,  434 

"  "      "  —in  Railway  Management. . . .  Ill,  386,  387 

Co-operative  Effort — How  Obtained II,    58 

Copper I,  416-420;  III,  8;  XI,    73 

"       and  Tin  Shop — Illustration I,  251 

"       Conductors I,  457 

Use  of— by  Railways VII,  209 

Wire I,  397 

Copying  Press,  Introduction  of VI,  85,    86 

Presses,  Use  of VI,  180,  181 

Cord,  Bell 1,112,362 

"  —Use  of,  as  Signal IV,  250,  251 

"      Signal I,  3G2 

'^      ^Illustration,  Plate  II. 1, 116-117 

Core,  Armature— 1500  Kilowatt  Genersitor— Illustration . .  .1,  393 

"      Iron I,  400 

"      Ovens I,  257 

"     Rooms 1,257 

Corea — Its  Primitive  Associations  and  Means  of  Carriage. . . 

XI,  293-305 

"      —Primitive  Carriage  in— Illustrations XI,  293-305 
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Cork.  Use  of— for  Brake  Shoes I.  302 

Corner  Iron  Girt — lUustratlon,  Plate  III 1, 170-171 

"      -pisite—Illnst ration,  Plate  III T,  170-171 

'^      SiW— Illustration,  Plate  III 1, 170-171 

Plate,  End  Sill — Illustration^  Plate  II 1, 116-117 

"    '  Transom — Illustration^  Plate  11 T,  116-117 

•post— Illustration,  Plate  III 1, 170-171 

"    T^ods— Illustration.  Plate  III 1, 170-171 

Cornice  Board,  Window  SiW— Illustration^  Plate  II. 1, 116-117 

"        Fascia  Board,  ln^\(\Q— Illustration,  Plate  II.. .  .1, 116-117 

"        Inside  Deck — Illustration,  Plate  II 1, 116-117 

"        Rafter — Illustration^  Plate  II I,  116-117 

Coroners,  Fees  of H,  232;  III,  398 

Corporate  Accountino^ •••••; :,;:'!.'    o« 

"  Accounts— On  What  Based VI,  81    82 

Life,  Discipline  of II,    19 

Property,  Organization  of II,  58-59 

Seal,  Care  of II,  182 

Service,  Talent  Required  in II,  156 

"        Vicissitudes  of II,    60 

Corporations,  Accounts  of IX,  297 

"•  Administration  of XI,  129 

''  Affairs  of II,    17 

'*  Armies  of IX,    12 

Characteristics  of IX,  110,  111 

Directors  of II,  128 

"  Diversity  in  Organization  of  Different. II,  125 

"  Documents  in  Favor  of VII,  444 

Downfall  of II    59 

"  Economical  Operation  of 11.85    86 

"  Efficiency  of II,  79,    80 

"  Employes  of IX,  110,  111 

"  Government  of II,  281 

''  Great— Characteristics  of II,  122,  123 

**  —How  Their  Interest  in  Their  Employes  Is 

Manifested II,    60 

"  Interests  of II,    16 

Judgment  of II,    67 

Life  of IX,    16 

"  Managementof— by  Private  Owners.  ..Ill,  57,    58 

"  Managers  of II»    73 

"  Managing  and  Working  Forces  of II,    70 

Methods  of II,    iv 

•'  Operating  Force  of II,    83 

"  Principles  Governing  the  Organization  of  the 

Forces  of 11,108-121 

"  Private — Efficient  Service  of II,      v 

"      —Growth  of 11,135 

Problems  of II,    iv 

Public II.    vi 
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Corporations,  Railway— as  Manufacturers VII,  125-133 

"      —Civil  Service  of IX,    17 

"      —Organization  of X.    36 

"  "      —Rights  of VII,    27 

"      —Safeguards  Enforced  by..    .  .V,  321,  322 

"  Safety  of— Upon  Wliat  Dependent VII,    93 

"  Service  of II,  100 

"  Vouchers  in  Favor  of VII,  435 

Wages  Paid  by II,  103 

Corpses,  Tickets  for V,  97,  139 

Transportation  of V,  138, 139,  444,  519 

Corrections,  Making IX,  361-3G6 

Correspondence,  Conduct  of VI,  314 

(.'orrosion,  Prevention  of Ill,  368 

Corrugated  Iron  Roofing— /Z?itsfmf/o?i,  Plate  III 1, 170-171 

Cortez,  Conquest  of  Mexico  by XI,    85 

Cost,  Comi)arison  of 1,  283 

"  —Between  the  Use  of  Coal  and  Oil I,  103 

Influences  Affecting Ill,  383-413 

of  Electrical  Conductors I,  422,  533-537 

"  Operating  Railroads II,    50 

"  "  "         by  Steam  Locomotives  and  by 

Electricity I,  514-516 

•'  Power,  at  Main  Stations I,  440 

'■''   Transmission I,  430 

Ratio  of — to  Gross  Earnings Ill,  144,  145 

Specifications  of — for  Construction , Ill,  131 

Counsel II,  224-234 

Characteristics  of IU230,  231 

Duties  of II,  224-226 

"        ExDeriences  of II,  230 

General II,  138 

Jurisdiction  of If,  224 

—Meaning  of  Title II,  142 

Records  of II,  230 

Staff  of II.  226,  227 

Title  of VII,  250 

Counselors,  Business  Men  as XI,  145 

Counter  Balance  Spring  and  'R\cr— Illustration^  Plate  I..  .1,58-59 

y^'Qight— Illustration,  Plate  I I,  58-59 

Counterbrace — Illustration,  Plate  II. I,  116-117 

T5    ,        „7     /     ,-^   o   {  Plate  II 1,116-117 

Bods- Ilhtstratwns,  j  p^^^^  jjj j^  ^.q_^.^ 

Counties,  Vouchers  in  Favor  of VII,  435 

Coupled  Passenger  Bogie  Engine,  Scotland— //^Ms^mh'o^i..  .1,  132 

Coupler,  Automsitic— Illustration I,  60,  176 

—Air  Brake 1,308 

"        Freight  Car— American  StSindard— Illustrations.  .1,  175 

Couplers,  Automatic I,  204 ;  IV,  15, 117-120 

Coupling,  Air  Brake— Extra I,  321 
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Coupling  andUnconplincr-Iiistructionsto  Traiumeii.     ..I,  370 

"  Basin— Illustration,  Plate  II 1, 116-117 

Between  Dynamo  Shaft  and  Drivicg  Shaft I,  456 

Cars,  by  Chains ;  •  • '  •^;  •;  •  VV V  V-.^:  7?^ 

Chain,  Safety — Illustration,  Plate  11 1,  llb-ii/ 

Combination I>  374 

Five-Link |'  1^2 

Hose,  Air  Brake r.;Trr ' 

u  u  ''         "       — Illustrations,    Plate   II 

1,116-117,  309 

"  "       Keeping  Pressure  in I,  3/o 

u  "       ^{o^usil— Illustration,  Plate  II. 1, 116-117 

StSLm]'ciVi\—Ilhist ration I,  370 

u  »      ry^Y3iU\Fipe— Illustration^  Plate  III 1,170-171 

"  LuffS ' 

"  Pin,  Draw  Bar— Illustration,  Plate  III I,  170-171 

"  Rod — Illustration 1.     60 

Steam  Hose  (Gibhs)— Illustration,  Plate  II .  .1, 116-11/ 
u  "  "      (Sewall) — Illustration,  Plate  II.. I^llQ-in 

"  Three-Link ^'  ^^'^ 

'*  Train  Pipe — Illustration,  Plate  III 1, 170-171 

"  Vacuum  Brake— Illustration I,  308 

Couplings      I' 299,  336 

"  Air  Signal i,  6io 

Brake? I'  ^21,  330 

Cleaning V  W '■-ior'qqn    m 

Dummy I'  321,  626,  330,  333 

"  for  Train  Pipe — Illustrations I,  539-541 

"  Frozen— Instructions  to  Trainmen I,  323,  324 

Thawing  Out I'  323,  324 

Train  Line •  •  j'  ^^^ 

Coupon,  Bond— Form  of V  \W' '  V ;  *  tii'  /qI 

"         Mileage  Tickets ^  ,  471,  474,  4/5,  49o 

Orders.  English v  W  Too 

Tickets V     QQ 

'^    ^^^^^ :;;;:•;  m:  9' 

^^"1^^^^  -Baggage ;;.;;.;;;;;;;  v;.v;.;;v.v.v;. . .  v,  4^,  476, 495 

—Auditors' '    tt    ici 

Bond— Authentication  of ^L  l^f 

"  Detached   ^  '  "^ 

"    S?ieage ::::: -^i'^PZ 

Paid— xVccounting  for v  ^ A,  44/  -44.> 

Payment  of ir'  i-- 

u  Tii^kpt  '^'   ^'^ 

Court  Costs     ;;;:;;.'.■ "^'^'^'{?l 

Courtesy,  Necessity  of— in  Agents IT    229 

Courts,  Customs  of :}  '  ^„q 

"        Precedents  of ' 

Cove  Molding,  yVmaow-IUustration,  Plate  II 1, 116-117 
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Cover  for  Iron  Hopper— lUuslraf ion  Plate  II 1, 116-117 

"       Journal  Bo:s.—Illn»trati()n,  Plate  II. I,  116-117 

Steam  Chest— Illustration,  Plate  I I,  58-59 

"  "  "      Casing— Illustration,  Plate  I I,  58-59 

Covetousness VII,  18,    19 

Cow— The  Unit  of  Value XI,    72 

Cowcatcher I,  56,57,  109 

Cranes 1,106,172,  254 

"       Power I,  260 

"       Sand I,  247 

"       Swinging I,  260 

"       Traveling I,  253,  255,  257,  260,  261,  264 

"       Water I,  247 

Crank I,    83 

Bell— Throttle— I^^its^ra^ion,  Plate  I I,  58-59 

Pin 1,83,85,    87 

"  —Illustration I,     60 

Shaft 1,85,    87 

Credit,  Extending X,  266.  267 

—for  Freight  Charges IX,  65-74,  313-31 5 

Loss  of Ill,    25 

"       of  Carriers,  Injury  to — Effect  on  Other  Industries.. . 

VIII,  12,    19 

Credits Ill,      7 

''        Effect  of  Competition  on IX,    71 

"        Investigating — bj^  Traveling  Auditors IX,  286 

Creosote,  Effect  of— on  Wood Ill,  352 

Use  of Ill,  358-360,  363,  364 

Value  of Ill,  358-361 

Creosoting,  Description  of Ill,  354,  355 

Crescent  Link — Illustration,  Plate  II 1, 116-117 

"     UaLUgeT— Illustration,  Plate  II 1,116-117 

Crete.  Island  of XI,  134 

Crews,  Different  Methods  of  Handling IV.  20-23 

Criticism,  Benefits  of I,  227 ;  VIII,    41 

Effect  of VII,  16,    17 

Critics,  Statements  of Ill,    73 

Crops,  Claims  for  Injury  to II,  233 

"       Failure  of— Effect  of VIII,    19 

"       Movement  of VIII,    38 

Cross  Arms,  Painting IV,  351 

Crosshead 1 ,  86,  286 

"  —Illustrations,  Plate  I T,  58-59,  60,     87 

«  -pia— Illustration,  Plate  I. I,  58-59 

*'  Piston  (or  Push)  Hod— Illustrations,  Plate  II 

1, 116-117,  540 

Crossing,  Forty-five  Degree— Illustration Ill,  363 

Frogs Ill,  236,  237 

Crossings Ill,  235 
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Crossings,  Accidents  at IV,  130, 

Abolishment  of IV,  131,  132 

—Cost  of  Keeping  in  Order HI,  422,  423 

Early  Signals  at IV,  254.  255 

Grade — in  Germany IV,  132,  133 

"     —Trains  Approaching IV,  355 

Kailway IV,  133 

"        —Damages  Arising  from II,  232 

Road 111,256,257 

"      —Duties  of  Conductors  in  Relation  to... IV,  404 

*'      —Effect  of,  on  Cost  of  Operation Ill,  394 

"      —Maintenance  of HI,  300 

Crossover  Pipe I-  324 

Crossovers,  Double HI,  234,  235 

"  on  Curves •  •  •  HI-  234 

"   Straight  Lines HI,  234 

Cross  Section  of  a  Railway  ^lotov—Illi('Stration I,  403 

"       ^t'dY^— Illustration I,    98 

"      Tie,  CeYxtQT—Illustrationy  Plate  III 1, 170-171 

"     Split  Half  Log— Illustration Ill,  213 

"      Quarter  Log— Illustration Ill,  212 

"  "    Timber— Illustration,  Plate  II 1, 116-117 

'•    WholeLog,  Hewn  Both  Sides— /^^its^rahoji...  Ill,  214 

''      Ties 7 111,179,  202 

"      Transoms I^  213 

Crown  Bar — Illustration I.     67 

"      Fire  Box I,    97 

Bars I»    75 

—  Illustration 1,    98 

Plate I,    96 

Sheet I,  71,  75,  76,  81,  96,  97 

—Illustrations 1,67,     98 

Crude  Oil I,  103 

Cugnot,  Vehicle  Invented  bv I»    18 

Cugnot's  Steam  Carriage,  17 G\)— Illustration I,    18 

Culmination  of  Carriage XI,  523 

Culvert,  Pipe — Illustration Ill,  368 

"         Stone  Arch— Illustration HI,  369 

Street 111,222,  223 

Culverts,  Construction  and  Maintenance  of HI,  296-299 

of H,  211 

"         —Cost  of  Keeping  in  Order HI,  422,  423 

"      "  Maintenance  of HI,  292 

Effect  of  Traflic  on HI,  293 

"         Influence  of— on  Cost  of  Maintenance HI,  383,  389 

Insecure HI,  430 

Protection  of IH,  325-327 

Repairing HI,  398 

Supplies  for VII,  111,  112 
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Cumberlaud  Valley  Kailroad,  Introduction  of  Sleeping  Car 

on I,  189 

Cunards XI,    81 

Cuneiform  Writing     XI,  118 

Invention  of XI,  130 

Cup,  Drain I,  329 

—Illustration^  Plate  III. 1, 170-171 

"      Oil— for  Fi\m^— Illustration I,  539 

Cups,  Drain I,  315 

Cupolas I,  257,  258 

Currency,  Debased — Its    Effect  Upon  Railways  and  Other 

Property.... Ill,  7-27 
Those    Who    Work 
for  Wages,  III,  7,    20 

Effect  of— on  Labor Ill,    19 

''      ''     Wages Ill,    19 

Exchanging— for  Drafts IX,  184-187 ;  X,  287 

Fluctuating— Its  Effect Ill,      7 

Mutilated IX,  328 

"  Payment  of  Wages  in X,  189, 191, 192, 198,  213-234 

"  Receiving IX,  327 

Remitting IX,  418 

Sound— Its  Effect Ill,      7 

The  First XI,    13 

"  Transportation  of V,  519 

Current,  Electric I,  475,  476 

"       —Alternating I,  407,  408,  421-426 

and  Direct I,  426 

"■               "                  "           — Generation    and    Transmis- 
sion of I,  487 

"  "       —Alternation  of 1,413 

"  "       —Brushes  for  Conducting I,  407,  408 

"  "       — Conditions  Necessary  for  the  Flow  of. .. I,  397 

"  ''      —Continuous  or  Direct I,  420,  421 

"  "       — Devices  for  Transmitting I,  463 

"       —Direct— How  Secured I,  407,  408 

"  "       —Effect  of  Excessive 1,429 

"       —Effects  of I,  398 

"Speed  on 1,429 

"  Increase  of I,  428,  429 

"       —for  Heavy  Trains 1,463 

"  "  "    Operating  Electric  Brake  Attachment 

1,486 

"  "       —How  Produced  in  the  Dynamo I,  405-410 

"       —in  a  Circuit— How  Found I,  402 

"  "       —Measure  of I,  401 

"  "       — Mechanical  Connections  for  Carrving. .  .1,  430 

"       —Primary * 1,423 

"      —Secondary I,  423 
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Current,  Electric— Strength  of 1,  397,  308,  415,  416 

"  "       — Surface  Conductors  for  Collecting.  .1,  464,  465 

"  "       — Transformation  of  Alternating  into  Direct 

I,  426 

"  "       — Transmission  of  Power  by I,  425 

"  "       — Underground  Sj'^ stems  for  Collecting. .. I,  466 

"       —Variation  of 1.414 

Currents,  Electric I,  397 

—Energy  of I,  402-405 

"       —Source  of I,  397,  398 

for  Operating  the  Induction  Motor I,  444 

Magnetic  Effects  of— Where  Utilized I,  401 

Polyphase I,  425,  426 

Curtain  WLno;,^— Illustration,  Plate  II I,  116-117 

'Rod— Illustration,  Plate  II I,  116-117 

"     Brsicket— Illustration,  Plate  II 1, 116-117 

"     ^Ym(\ow—Illustratio7l,  Plate  II 1, 116-117 

Curtains,  Berth— Illustration,  Plate  II 1, 116-117 

"         Facilities  for  Repairing I,  274 

"         Renovating I,  274 

Curves,  Avoidance  of — in  Great  Britain I,    24 

"       Crossovers  on Ill,  234 

Effect  of— on  Cost  of  Operation Ill,  393 

Elevation  of 111,218-220 

Motor I.  476-480 

"       Resistance  of IV,    99 

Switches  on  Outside  of Ill,  237 

"       Turnouts  on Ill,  234 

Cushion— Illustration,  Plate  II. 1, 116-117 

Cushions.  Renovating I,  274 

Custom,  Force  of XI,    29 

Customs,  Differences  in 1, 148,  149 

Cut  Off  and  Relief  Valve I,  310 

Out  Cock 1,336.  538 

"      "     —Illustration,  Plate  III 1, 170-171 

"     Brake— Illustration,  Plate  II I,  116-117 

"      "     in  Air  Pipe  Under  Engineer's  YsLive^Hhistra- 

tion I,  539 

"      "       "  Branch  '9\\')e— Illustrations I,  540,  541 

"      "     Signal  Branch  Pipe— i7Zwsfra««o»i,  Piafe /J. 

1,116-117 

"       "      Y2Ave— Illustration^  Plate  I I,  58-59 

Cuts,  Cost  of  Keeping  in  Order Ill,  422,  423 

"      Deepening II,  221 

"     Rock Ill,  226 

"      Sodding Ill,  226 

"      Widening II,  221 

Cutting  Off  Machinery I,  262 

"        Out  Brakes — Instructions  to  Enginemen I,  320 
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Cuttinff  Out  the  Brake  on  a  Car— Instructions  to  Trainmen.. 

, 1,  324-326 

Cylinder — Illustrations^  Plate  I. I,  58-59.  GO,  84a 

"-         Action  of  Steam  in I,  84,    85 

•'  Back  llein\— Illustration,  Plate  II I,  116-117 

Block— lUnstralion,  Plate  III I,  170-171 

"  Boring  Bars 1,262 

Brake 1,  297,  305-308, 334-336,  356-361 

(  Plate  II 1,116-117 

"  '•     —Illustrationa,  \  Plate  III 1, 170-171 

(    I,  540,  541 

"  «      Pump,  Air — Illustration,  Plate  I    I,  58-59 

«  "  "        Steam— Illustration,  Plate  I 1,58-59 

''      Quick  Action 1,312,313 

"  "      Katio  of  Auxiliary  Eeservoir  to  — lUustra. 

tions I,  357-359 

•'      _"  Reinforce" I,  312 

"■  "     — Retaining  Pressure  in 1,327 

"  Casing — Illustration^  Plate  I I,  58-59 

"         Cai^ting,  Saddle  of I,    93 

"  Cock  J.ever— Illustration,  Plate  I I,  58-59 

"  "      Beach  B.od— Illustration I,     60 

Cocks I,    94 

"  "     — Illustrations,  •)  '  j      ,.q 

"      Closing lY,'  352 

"  "      Rigging — Illustration,  Plate  I I,  58-59 

"         Compound — Action  of  Steam  in I,    93 

"                 "          — Application  of  Starting  Valve  and  Re- 
lief Cock— Illustration I,     95 

"  "  —Front  View  of— Illustration I,    93 

"         Construction  of I,    89 

"         End  View  of — Illustration I,    84 

"         Expansion  of  Steam  in I,    91 

"         Front— Head— Illustration,  Plate  II 1, 116-117 

''         Head  Casing— Illustration,  Plate  I I,  58-59 

»  "      Front — Illustration,  Plate  I I,  58-59 

"      of I,    89 

Heads I,    85 

"  High  Pressure I>     93 

"         Lagging — Illustration,  Plate  I I,  58-59 

"         Lever I>  332 

„,     ,     ,.  {Platell 1,116-117 

-Illustrations,  |  p^^^^^  jjj j  ^rjQ_^rj^ 

"  "       and  Floating  Lever  Connection  — /??i's^>*«- 

tion,  Plate  III T,  170-171 

"  "         "      Hand  Brake  Connection— /??Msfr«f?on, 

Plate  III 1, 170-171 

**  "       Connecting  Bod— Illustration,  Plate  II,  116-117 
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Cyliuder. Lever  Gn\(\Q—IUustration,  Plate  II 1, 116-117 

Low  Pressure I,    93 

"  ''  "  —Admission  Ports  of I,    95 

"         jA\hricsitor—IUustra(ion^  Plate  I 1,58-59 

"         Mechanical  Energy  in I,  403 

"         Movement  of  Piston  in I,  85,    86 

Oil        1,366 

Packing I,    89 

"  Fort— Illustration I,  341 

"         Power,  Locomotive I,    64 

*•         Pressure,  Brake I,  313 

Relief  Cock— Illustration I,  113 

Saddle— Illustratio7i.  Plate  I I,  58-59 

"  (Standard  Freioht),  Reservoir  and  Triple  Valve — 

—Illustration I,  373 

"         Single   Expansion — Section    Showing    Action    of 

Steam  in — Illustration I,    83 


"         Steam  Pressure  in — How  Ascertained I,  88 

"         Trevithick's  Locomotive I 

"         Vacuum I 

Cylinders T,  45-48,  92,  286 

Admission  of  Steam  into I,  83 

Auxiliary — Compound  Locomotive — Illustration 

...: I 

Boring I 

Brake I,  336,  377,  378 

"       — Driver — Illustration I 

"       — Repairs  to I 

Cleaning — Instructions  to  Car  Inspectors. . I,  331 

Compound I,  46 

Diameter  and  Stroke  of — Statement  of I 

Efl'ectof  Quick  Action  on I 

for  Applying  Brake  Force I 

— Form  Used  in  America I 

"      "  England I 

Horizontal I 

— How  Kept  Free  from  Cinders I 

Inclined I 

Inside I,  30, 31,  46 

Mechanism  of I 

Oiling I,  329 

Outside 1,46 

'*         V^ersus  Inside I,  87 

Shutting  Off  Steam  from I 

Steam I,  82 

Cypress  Ties Ill 

Cyprus,  Ancient  Wheel  from — Illustration IV 

"'        Island  of IV 

Cyrus XI,  87, 105 
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Dabney,W.  B V,  531 

Dairy  Products,  Insulated  Car  for— Victorian  Kailways — Il- 
lustration  I^  188 

Dakota,  Eailway  Taxation  in Ill,  452 

Daltonism.    (See  also  "Color  Blindness") lY,  228 

Damaged  Articles,  Provision  for  Storing I,  272 

Damages,  Apportionment  of VII,  511,  512 

Baggage V,  315-322 

Claims  for II,  232,  235,  242;  VI,    18 

"  —on  Baggage V,  59-62 

Settlement  of  Claims  for VI,  283 

jy&mveT-iiiustrations,  ]  p^  —  yf ; ' ; ' " ;  • ; ; ; ; ;  • ;  • ; ; ; ;  •  j;  \-^^_^^^ 

"        and  Grate,  Section  Showing— lUnst  rat  ion I,    96 

Handle,  Ash  Pan— I/? us^raa'o?i,  Plate  1 1,  58-59 

Dampers. I,    96 

Ash  Pan I,    69 

D'Audelarre,  Marquis I,  218 

Danger — Its  Effect  on  Wages II,  101 

Signals,  Permanent IV,  367 

Dares XI,    91 

Darius XI,  104,  105 

Baggage  of V,  278 

Darwin XI,    28 

Data,  Fiscal— Value  of VII,  233,  234 

Davenport,  Thomas — Electric  Car  Constructed  by I,  520 

Davidson,  G.  M VII,  167 

Davis  &  Gartner I,    32 

Davis,  Phineas— Locomotive  Built  by,  \'6^2— Illustration, .  .1,    38 

Davy,  Sir  Humphrey IV,  175 

Day  Book II,  273 

"    Coaches,  Weight  of . . .    I,  165 

"    Labor 1,125 

Dead  Brake  Jjever— Illustration,  Plate  III I,  ] 70-171 

"  "  "      Guidt— Illustration,  Plate  III I,  170-171 

"  "  "  ''      -Koo^— Illustration,  Plate  III.. 1,170-171 

"      Levers T,  379 

"      Truck  l^ever— Illustration,  Plate  II 1, 116-117 

"       Levers    1,329,332 

Deadheads V     44 

Besidwood—Hius'traiion,  Plate  III 1, 170-171 

Angle  Iron— Illustration,  Plate  III. 1, 170-171 

Deafening  CeUing -Illustration,  Plate  II I,  116-117 

Deafness,  Prevalence  of — in  Railway  Service IV,    18 

Death,  Amelioration  of  the  Condition  of  Railway  Men  and 

Their  Families  in  Cases  of X.  291-353 

Debenture  Stock HI,  42,    95 

Debentures IHi    65 

Debt,  Floating HI,    80 

"     Funded HI,    92 
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Debts  and  Freight  Claims  Committee 11,  13i 

"      Collection  of II,  195;  IX,  433 

"      Railway — Guaranties  of Ill,    39 

Decauville.  M.  Paul I,  215-218 

Deceased  Employes,  Paying  Wages  of VII,  403,  407 

Wages  of IX,  394 

Decimal  System. XI,    74 

Deck  Cornice,  Inside— Illustration^  Plate  II I,  110-117 

Eaves  IslokMnor— Illustration,  Plate  II 1, 110-117 

End  Sill— Illustration,  Plate  II I,  110-117 

Outside  Window  '^a$h— Illustration,  Plate  II. . .  1, 110-117 

Fanels— Illustration,  Plate  II. 1, 110-117 

FlRte— Illustration,  Plate  II. 1, 110-117 

Post— Illustration,  Plate  II I.  110-117 

SsLSh— Illustration,  Plate  II. 1,  110-117 

"     Jjintel— Illustration,  Plate  II 1.  110-117 

"    Fivot— Illustration,  Plate  II I,  110-117 

"    Fi\\\— Illustration,  Plate  II. 1, 110-117 

"     Opener— Illustration,  Plate  II 1, 110-117 

"     Screen  Fo&t— Illustration,  Plate  II I,  110-117 

Sm—Illustration,Plate  II. 1, 110-117 

"    Fsicing— Illustration,  Plate  II 1, 110-117 

Window  Screens— Ilhist ration,  Plate  II I,  110-117 

Decoration  of  Cars I,  147 

"  Vehicles I,  197 

Deductions  from  Pay  of  Employes VII,  385-387,  392 

"  Mail  Service V,  557-559 

Deeds,  Custody  of II,  213 

Execution  of V,  519 

Recorder  of ...Ill,    90 

"        Transportation  of V,  519 

Defalcations     (See  also  "Shortages.'') 

II.  290;  IX.  21. 

23,  25,  32, 149, 107, 108. 193-218,  233,  271 ;  X,    58 

Covering  Up IX,  130,  137, 139, 140,  207 

"  Information  Regarding IX,  107 

"  Prelude  of IX,  302 

Record  of X,  199 

"  Reporting IX,  1 97 

Defaulters IX,  193-218,  244 

Defective  Brakes I,  330,  331 

"  Car — Instructions  to  Engineers I,  305 

Slide  Valves I,  382 

Triple  Valves I,  371 

Defect  Tag 1,  325 

Defects,  Discovering — in  Air  Brakes I,  322 

"         Reporting — to    Inspectors — Instructions    to   Train- 
men   I,  327 

Definiteness,  Xecessity  of — in  Disbursement  Accounts. . .  .VII,  iv 
Definition  of  Electricity I.  393.  394 
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Deflector I,      64 

Flute— Illustration,  Plate  I I,  58-59 

'*  ''      Adjuster— Illustration,  Plate  I I,  58-59 

Delano,  F.  A Ill,  342 

Delaware  &  Hudson  Canal  Company,  Locomotives  Purchased 

by 1,    28 

Delay,  Prevention  of — in  Loading  and  Unloading  Cars 

¥1,49,58-63 

Delavs,  Claims  for II,  232,  242 ;  VI,     18 

"'     in  Settlement  of  Claims VI,    21 

"         "  Unloading  Cars— How  Lessened VI,  57,    58 

Settlement  of  Claims  for VI,  283 

Delivery  of  Freight VI,  9,    10 

to  Brum— Illustration,  Plate  I I,  58-59 

Demand  for  Locomotives  and  Cars I,  138 

Demurrage  (See  also  "Car  Service") VI,    99 

Charge,  in  Great  Britain I,  173 

Charges  for Ill,  406,  407 ;  VI,  49,  58-63 

Rates  for II,  242 

"  Rules  of  the  Southern  Railway  and  Steamship 

Association VI,  337,  338 

Denton,  Professor VII,  123 

Department,  Accounting I,  288 ;  II,  137,  139, 

272-305 ;  V,  69  ,  IX,  300,  304 ;  X,     41 

"  "  —a  Safeguard 11,282 

"  —Chief  of II.  285 

—Duty  of V:    70 

"  "  —English VI,  329 

"  "  —in  Earlv  Times II,  279,  293 

"  "  —Management  of X,  36,    37 

"  "  -Organization  of IL  248 

"  Administrative II,  136 

"  Baggage— Attaches  of V,  390,  391 

—Duties  of V,  295 

"  "        —Experiences  of V,  339 

"  "        — How  Its  Operations  Are  Governed,  V,  353 

"  "        —Interest  of  Public  in V,  353 

—Officials  of V,  525 

—Rules  Governing V,  431-453 

Car I,  277 

Claim — Scope  of VI.    19 

Engineering II,  136-138 

—Recognition  of I,  234 

Equipment II,  176,  305a-30o>* 

Executive II,  138 

Financial II,  137 

—Discipline  in IX,    33 

Freight— Methods  of V,  480,  481 

Goods— English  VI,  318-323 

Hygienic IV,    68 
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Department,  Law 11.  137, 138,  224-234 

Machinery 1,230,240,277;    11,176;  IV,     25 

"                     ••         — Duties  and  Responsibilities  of  Offi- 
cials in 1,230,     231 

«  "         —How  Saving  Is  Effected  in I,  284 

"  "  — Importance  of . .  .1,  233 

"  •'         — Intelligence  and  Skill  Displayed  in 

I,  234 

—Rank  of  Men  in  Charge I,  230,  231 

—Status  of,  in  Early  Days 1 ,  234 

**  "         — Value  of  Information  Regarding.. 

I,  232,  233 

Material— English VII,  105 

Mechanical I,  277 

Operating II,  136,138;  IV,  28;  IX,  223 

—Duty  of V,     70 

"                   "        — Its  Relation  to  the  Accounting  De- 
partment   II,  290,  305 

"        —Organization  of 11,173-176 

"  Passenger — Attaches  of V.  17,    18 

•'  "         —Authority  of II,  252 

—Machinery  of 11,253 

"  Postoffice V,  554,  558,  559,  561 

Relief X,  291-353 

"  Roadway — Organization  of 111,258-260 

—Rules  Governing Ill,  260-271 

"  Supply — Organization  of VII,     70 

Ticket— Duties  of II,  250,  251 

Traffic 11.137-139,237,239 

"      —Duty  of V,     70 

Treasury— Conduct  of II,  193 

Departmental  Foremen I,  277 

Officers II.  200 

Methods  of 11,139 

Departments,  Division  of  the  Railway  Force  into II,  19,    20 

''  of  a  Railwav II,  136,  137 

Subdivision'of ^]:  ^^^ 

Depositories,  Baggage V,  427-430 

Deposits,  Bank X,  265,  266 

"         Guaranty IX,  323,  324 

Depot  Grounds,  Claims  for II,  233 

Depots,  Supply.    (See  also  "Storehouses.") 

—Arrangement  of VII,  189,  198 

—Inspectors  of VII,     77 

Depressed  Pits I,  246 

Track I,  246 

Derailing  Switches Ill,  237,  238 

Derails.  Use  of IV,  112,  113 

Derrick.  Steam Ill,  258 

Descending  Grades I,  327 
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Description  of  the  Locomotive I,    59 

Design,  Car 1,377-381 

"        for  Shop  Bnildings I,  253 

"        Locomotive 1,380,  381 

"        of  Repair  Shops 1,  237 

"  "  Roundhouse I,  241 

Designers,  American I,  139 

Designs,  Changes  in VII,    81 

Detaching  Engine  or  Cars — Instructions  to  Trainmen I,  323 

Details  of  American   Standard   Box  Freight  Car 1,207-214 

''   —Illustra- 
tions^ Plate  III I,  170-171 

''    Organization II,  128-140 

"        "   Railway  Transportation I,  201 

Detentions,  to  Cars VI,    56 

Deterioration  of  Rails Ill,  272-279 

—To  What  Due Ill,  287 

Detonators,  Use  of IV,  271, 272,  342,  343 

Development  of  Railways II.    62 

"  ''  the  Electric  Motor  Car I,  467 

Device  for  Changing  Trucks  from  Narrow  Gauge  to  "Wide 

Gauge,  and  vice  versa — Illustration I,  203 

Lubricating I,  281 

"        Trevithick's — for  Making  Steam I,    23 

Devices.  Adoption  of — by  Railways V,  89,    90 

Anti-Telescoping I,  198 

"        for  Checking  and  Moderating  Vechicles I,  297 

"    Transmitting  Current 1,463 

"  "    Unloading  BaUast— Illustration I,  151 

Labor  Saving V,  74;  VI,    91 

"        Mechanical — Effect  of,  on  Train  Service IV,  15,    16 

Multiplicity  of I,  284 

of  Accountants II,  276,  277 

"  "   Business,  Ancient  and  Modern ,  .VII,  229-231 

Safety II,  26;  III,  36-38;  IV,  106-145 

"De  Witt  Clinton"  Locomotive— The  First  Cab I,    56 

1831— The  First  Cah— Illus- 
tration   I,    55 

Diagram  of  Connection  Between    Dynamo  and  Feeders  in 

SwitchhORTd— Illustration I,  461 

"  Showing  Utilization  of  Niagara  Falls  Power I,  503 

Diagrams  of  Motor  Curves I,  476, 477,  481-483 

Diamond  Switches Ill,  235,  236 

Diamonds,  L^se  of — by  Railways  VII,  209 

Diaphragm — Illnstrdtion,  Plate  II. 1, 116-117 

—Face  Vlsite— Illustration,  Plate  II 1, 116-117 

Plates I,  108 

"  Vacuum  Brsike—Ilhistration I,  306 

Diaphragms I,  299,  300,  353 

Dido XI,  146 
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Dies I,  2G3 

Diligence,  Xeoessit)^  of — in  Handling  Requisitions VII,    71 

Dining  Car 1,148,195.190 

"  ''    Americsiu— Illustration 1,  219 

"Dining  Car  Service'' YII,  301 

Dining  Car  Service  Accounts VII,  301,  302 

"Dining  Car  Supplies" VII,  302 

Dining  Car  Supplies VII,    87 

Accounting  for VII,  300 

Careof VII,  299 

Inventorying VII,  346 

Orders  for VII,  300 

Returns  for VII,  300 

Cars . I,  191 

"      Repairs  of VII,  301 

"  "      Superintendent  of II,  138 

Diodorus XI,  28,  113 

Direct  Current — Direct  Fed  Sj^stem I,  451 

Dynamo 1,411 

"  "        Feeder  Systems — Illustrations I,  433 

Generator 1,426,440,452 

—How  Secured I,  407,  408 

Lighting  System IV,  176-180 

Motor I,  411 

Systems 1,430-440,454 

"  "        Transmission  of  Power  by I,  425 

"      Dynamo  System IV,  176 

"      Feeding I,  431-434 

"      Steam  Heating,  Floor  Yalves— Illustration,  Plate  II.. 

1,116-117 

''      System  of  Steam  Heating IV,  157,  158 

Directors,  Action  of — in  Filling  Offices II,  133,  134 

Acts  of . .  .II,  130 

Adviser  of II,  229 

"  Authority  of II,  131 

Board  of II,  128 

"  —English II,  130.  131 

Committees  of II,  130,  131 

"  Counselor  of II,  229 

Election  of II,  128, 129;  III,    87 

English Ill,  140 

Meetings  of II,  129,  130 

"  Number  of — on  Different  Railways II,  128 

"  Responsibilities  of II,  130 

Tenure  of  Office  of II,  128,  129 

Dirt,  Hauling — Railroads  for I,  217 

''     in  the  Air  Brake I,  369 

"     Preventing  Accumulation  of — in  Air  Signal . .    I,  366 

Disability,  Amelioration  of  the  Condition  of  Railway  Men 
and  Their  Families  in  Cases  of X,  291-353 
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Disabled  Cars — Instructions  to  Trainmen I,  373,  374 

Disasters,  Financial* IX,  300,  301 

Disbursement  Accounts,  Method  of  Keeping Vll,  243 

Disbursements II,  283 

Accounting  for X,  8G-S9 

Accounts  Relating  to II,  283,  290 

Auditor  of II,  139 

Cash X,  92-94 

"  Duty  of  Accounting  Oflicer  in  Relation  to,  II,  287 

for  Construction Ill,  156-1G6 

Officer  in  Charge  of II,  186 

"  of  Railways VII 

Railway II,  109 

"  ''        —How  Influenced Ill,  388,  389 

Reports  of X,  67,    68 

"  Statistics  of X,    31 

"  Summarizing X,  88,    89 

"  Summary  of VII,  525-527 

Disc,  Armature  —  Showing  Slots,  Diagram  of  Commutator 
and  One  Coil  in  Place  Connected  to  the  Commuta- 
tor— Illustration I,  414 

"      Signals,  Automatic  Block — Illustrations IV,  504 

Early IV,  248,  249 

"      Valve,  Rotary I,  329 

Discharge  Valve,  Car — Illustration I,  386 

"  "         "  — Signal  Branch  Pipe  to— Illustration, 

Plate  II 1, 116-117 

Disciplinary  Practices II,    16 

Discipline,  Lack  of — Its  Result II,    19 

Laxity  of— Its  Effect IV,  125-127 

"  Maintenance  of IV,  28-31 

ofArmyLife II,    19 

"   Corporate  Life II,    19 

''  Railway  Forces II,    18 

"  Preservation  of — in  Financial  Department. . .  .IX,    33 

Relation  of— to  Accidents IV,  125-127 

Discount , Ill,  74,    75 

"Discount VII,  461 

Discounts,  Accounting  for X,  180 

Discovering  Leaks — Instructions  to  Trainmen 1,370,  371 

Discovery  of  the  Brake I,  291 

Discrimination VI II.  8,  107 

Basis  of VIII,    43 

Definition  of VIII,  108 

Elimination  of VIII,    34 

"  English  Laws  Regarding VIII,  137 

"  —French  Experiences VIII,  138 

in  Railway  Taxation Ill,  436,  444 

"  the  Use  of  Cars VL    74 

"  — Investigations  in  Europe VIII,  107 
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Discrimination.  Limitation  of VIII,    63 

Practice  of VlII,     36 

"  —Relation  to  Classifi(;ations VIII,    56 

"  Result  of  Preventing VIII,    55 

Discussion.  Associations  for I,  229 

"  Results  of —Among  Railway  Officials I,  288 

"  Value  of —Among  Employes  of  Shops I,  289,  290 

Discussions !>  225 

Value  of 1,289,290 

Diseases,  Contagious— Passengers  Afflicted  with IV,    69 

Disinfection IV,  68,    69 

Dismissal IV,  30,    31 

Disobedience tt   i  qq 

Dispatcher,  Train •  I  J>  \^^ 

"  "     —Meaning  of  Term _1V,  322 

Dispatching  Baggage,  American  System  of V.  377-383 

'^  ''  European  System  of <  •  V,  369-376 

Trains  by  Telegraph— Forms  Used IV,  465-478 

Dissemination  of  Knowledge Ji  226 

Distance,  Effect  of— on  Cost  of  Transmission I,  430 

Distances •  ^'  "^^^ 

Distress  Funds •  \\'>  _^!^ 

Distribution  Book,  Labor— General >  II,  o37 

"      Material— General VII,  315-320 

Books ^^11'  314 

''  "    —Entering  Various  Persons  Accounts  in. 

r. VII,  423-428 

Use'of VII,  381 

of  Electrical  Energy I.  -114 

"  "    Labor  Book,  General VII,  382-385 

"  "    Material  Book,  Track  Foremen's VII,  325 

"    Pay  Roll I.  280 

"    Shop  Labor I^  285 

"  "    Work 1^267 

"  Relation  of  Carriers  to VIII,     82 

_T^se  of  the  Word VII,  373 

District  Goods  Managers,  English H.  208 

"        Superintendent,  English II «  207 

Ditchers,  Steam HI.  258 

Ditches.. 111,251,252 

"        —Cost  of  Keeping  in  Order HI,  *i22,  423 

Ditching : -III.  285 

Dividends Ill,  86.    87 

Declaration  of II,  187;  III,  55.  89.    90 

"  Expenditures  of  Railways  for VIII,    24 

"  Fluc^-uations  in IH^    JJ 

"Dividends  on  Stock''  Account v^  J^'  ?H 

Dividends  on  Stock,  Accounting  for -^'  ^P'    ?? 

Payment  of II,  137,  189, 191 ;  III,  89,    90 

"— InAmerica HI.    42 
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Dividends.  Payment  of— in  England Ill,    42 

"  Unearned — Payment  of Ill,    55 

Division  Engineer II,  138 

"        Freight  Agent II,  139 

Master  Mechanics II,  200.  201 

of  Labor I,  285,  28G 

"        Roadmasters Ill,  259 

"        Superintendent II,  138 

"  **  Authority  of II,  198 

"  "  Characteristics  of II,  199,  202 

"  Discretion  of II,  198,  200 

"  Duties  of 11.198-209 

"  "  —Meaning  of  Title II,  142 

"  "  Relation  of — to  General  Manager, 

.II,  199 

Title  of VII,  250 

"        Superintendents,  Relief  Vouchers  Made  by IX,  372 

Scope  of II,  175 

Divisional  Officers I,  277 

Divisions  of  Labor  on  Railroads II,  viii 

"Docks  and  Wharves" VII  461 

Doctors'  Bills II,  232 

Documents,  Drawing II,  232 

Imperfect IX,  434 

Legal 11,229 

Signing IX,  344 

Dodgers V,  115 

Dogs,  Carriage  of V,  282 

Dome I,  286 

—Illustration,  Plate  I I,  58-59 

CsiY)—Illu8tratio7i,  Plate  I I,  58-59 

Casing — Illustration,  Plate  I I,  58-59 

Castings — Illustrations 1,67,    98 

Cylindrical — on  Locomotive I,     76 

G}a.ss— Illustration^  Plate  II I,  116-117 

Lugs — Illustration I,     98 

Shell — Illustration I,    98 

Sling  Stays — Illustration I,    98 

'•      Vestibule — Illustration,  Plate  II I,  116-117 

Donkey  Engine .' I,    77 

Door,  Ash  Fit— Illustration,  Plate  II 1, 116-117 

Car— Illustration,  Plate  II I,  116-117 

Cleaning — Illustration,  Plate  I I,  58-59 

-End-Illustration,  Plate  III 1, 170-171 

Fastening,  Freight  Car — Illustrations I,  181 

Feed— Illustration,  Plate  II 1, 116-117 

FiTe-iiiustrations,  |  ^^^«  ^^  ^ :::;;'.;;::: :  i^d^'ll 

Grain— Illustration,  Plate  III. I,' 170-1 71 

Handle,  Ash  Fit— Illustration,  Plate  II 1, 116-117 
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Door  Handle,  Feed^IUustration,  Plate  II 1, 116-117 

Uin^e— Illustration,  Plate  II I,  116-117 

"      Hinges,  VestUmle— Illustration,  Plate  II 1, 116-117 

"       B.oMeT— Illustration,  Plate  II 1, 116-117 

C'dtch—IUustration.  Plate  II I,  116-117 

Knoh— Illustration,  Plate  II 1,116-117 

'Lintel— Illustration,  Plate  II I,  116-117 

LockeT— Illustration,  Plate  II 1, 116-117 

Lock,  Yestihule— Illustration,  Plate  II 1, 116-117 

Panels,  Lower — Illustration,  Plate  II.    1, 116-117 

Middle— Illustration,  Plate  II 1, 116-117 

•'       'Post— Illustration,  Plate  III I,  170-171 

''         ''     Hods— Illustration,  Plate  III 1, 170-171 

"      Rail,  Bottom— Illustration,  Plate  II J,  116-117 

''  ''      Middle — Illustration,  Plate  II 1, 116-117 

"      Top— Illustration,  Plate  II 1,116-117 

"       Sash  Lift— Illustration.  Plate  II I,  116-117 

"  "      Lock— Illustration,  Plate  II 1,116-117 

"     Lower— Illustration,  Plate  II 1,116-117 

"      U-pper— Illustration,  Plate  II I,  116-117 

"      Smoke  Arch— Illustration.  Plate  I I,  58-59 

"      Yestihule— Illustration,  Plate  II 1, 116-117 

Doors,  Car I,  214 

"       of  Roundhouses I,  243 

"       Storehouse 1,  259 

Dorian  Invasion XI,    90 

Dorse V,  Edward  Bates Ill,  145, 149;  V,  26,  28;  VI,    11 

Double  Cross-Overs Ill,  234,  235 

"        Electro  Magnet — Illustration   I,  400 

"        Governors I,  313 

Headed  Rail Ill,  200 

"        Header  Locomotive,  Scottish — Illustratio)i I,  135 

"        Headers — Instructions  to  Enginemen I,  320 

Magnet I,  400 

Plate  ^Yheel— Illustration IV,  207 

"  "  "      —Master  Car   Builders'  Washburn  Pat- 

tern—/^Zets^m  f  to «,  Plate  III.  .1,  170-171 

Poppet  Valve I,  308 

Trolley  Line I,  445 

Truck  Car,  Frame  of I,  467 

'^       Cars 1,467 

Draft,  Bank — Invention  of XI,  128 

"      Pipe  or  Petticoat — Illustration,  Plate  I I,  58-59 

"       Rigging 1,210 

"  "  Continuous — Illustration I,  176 

Spring— Illustration,  Plate  II I,  116-117 

Followers— /?/?^s-^m^ion,  Plate  II 1,116-117 

^trup— Illustration,  Plate  II. 1, 116-117 

Timber— Illustration,  Plate  III. 1, 170-171 

FiUingBlock— Illustration,  Plate  III.... J,  170-171 
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Draft,  Timber  Keys— Illustration,  Plate  III. 1, 170-171 

''      Timbers I,  209 

Drafts,  Accepted  by  Agents IX,  345,  346 

Agents' IX,  358-361 

"       Bank— Guaranteeing IX,  187 

"  "    — Exchanging  Currency  for 

IX,  416,  417;  X,  192,  287 

Care  of X,  271- 

Collection  of V,  519,  537 

"        Drawing VII,  445 

"        Drawn  on  Treasurer X,  272-275 

for  Traffic  Balances X,  267 

"       Indorsements  on IX,  345,  346 

Indorsing VII,  444,  445 

of  Local  Banks IX,  184-187 

"       Paying X,  275 

Receiving IX,  188;  X,  262 

Spoiled X,  268 

Use  of— in  Paying  Freight  Charges IX,  309,  310 

"       Vouchers  Used  as X,  279 

Writing  on IX,  433 

Dragging  Brakes I,  365 

''Dragon''  Locomotive.   1848 — The    First   Engine  Built  for 
Burning  Cumberland   Coal,   and   the  First  to  Have  a 

Rocking  Grate— Illustration I,    43 

Drain  Cup—Illustration,  Plate  III 1, 170-171 

"      Cups I,  315,  329 

Drainage 1,273;  111,225,251-255,285,  372 

"         Influence  of— on  Cost  of  Maintenance,  III,  383,  390,  391 

Slope Ill,  226 

Tunnel Ill,  226,  227 

Draining  Auxiliary  Reservoirs I,  332 

"         — Instructions  to  Enginehouse  Foremen   and  In- 
spectors  I,  329,  330 

Triple  Valves I,  332 

Drapanum XI,    91 

Drapery,  Window — Illustration,  Plate  II 1, 116-117 

Draught,  Creation  of I,    71 

"         Device  for  Creating — When  Locomotive  Is  Stand- 
ing Still 1, 99,  100 

Draughting  Office I,  278 

Draughtsmen I,  277 

T^        ,  777     *     ^-     „     \  Plate  1 1,58-59 

Drawbar — Illustrations,  j  pjate  III  I  170-171 

"         Carey  Iron— Illustration,  Plate  H.... I,'  116-117 

"         Carrier  and  Brake  ^tep— Illustration,  Plate  III 

1,170-171 

Chafe  Thimble— Illustration,  Plate  III , .  I,  170-171 

"         Check  Castings — Illustration,  Plate  III I,  170-171 

Coupling  Pin— Illustration,  Plate  III. 1, 170-171 
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Drawbar. Follower  Straps— Hlust ration^  Plate  III 1, 170-171 

Followers— Illustration,  Plate  III 1, 170-171 

Knuckle— Illustration,  Plate  III I,  170-171 

"  "        Fin— Illustration^  Plate  III. .    I,  170-171 

"         Ijoop— Illustration,  Plate  III I,  170-171 

Pull,  Motor  Rated  in I,  473 

"         Spring  Csio;e— Illustration,  Plate  III I,  170-171 

Springs— Illustration.  Plate  III 1,170-171 

"         Timbers— Illustration,  Plate  II 1, 116-117 

Drawbars,  Tracks  for  Handling — on  Push  Cars I,  275 

Uncoupling I,  370 

Draw  Bridges,  Trains  Approaching IV,  355 

„      ,     „,      ,     ,.  i  Plate  I 1,58-59 

Reaa-niustrations,  j  p^^^^^  jj •  •f;i\6_ii7 

Drawing  Room  Car,  American .  .1,  200 

"       Cars 1, 148, 174,194, 195;  ¥,212,  221 

Draymen,  Bonds  Required  of IX,  318 

^'  Delivery  of  Freight  to IX,  318 

Dress.  Cultivation  of XI,     65 

Drill,  Track— Illustration    Ill,  330 

Drilling,  Tools  for I,  243 

Drills T,  262 

Drinking  AVater,  on  Cars I,  181 

Drip  Cock — Illustration,  Plate  I I,  58-59 

"      Comhination— Illustration,  Plate  II 1, 116-117 

"      in  Air  Tank— Illustration,  Plate  II I,  116-117 

"     Cocks 1,315 

"     Tray— Illustration,  Plate  II I,  116-117 

"     Valve  Angle— Illustration,  Plate  II I,  116-11 7 

"     ^Y ater— Illustration,  Plate  II 1, 116-117 

Driver  Brake I,  382 

Cy\in(\eTS—Illitstration I,  539 

"      Brakes I,  286 

"       —Illustration,  Plate  I 1,58-59 

"       Adjustment  of 1.329 

"      Springs— illustration,  Plate  I I,  58-59 

"  "        'Equalizers— Illustration,  Plate  I I,  58-59 

"  "        B.angevs— Illustration,  Plate  I 1,58-59 

"  "  "  Brace — Illustration,  Plate  I I,  58-59 

"      The IV,  33-40 

Drivers,  Pile I,  378 

Weight  Upon I,  429 

Driving  Axle — Illustration,  Plate  I I,  58-59 

Axles,  Manufacture  of IV,  222,  223 

"        Box— lUustratioQi,  Plate  I I,  58-59 

"     Gang    1,286 

**  "    Journals  and  Brasses.  Examination  of I,  244 

"  "     Shoe— Illustration,  Plate  I I,  58-59 

"    Weilge— Illustration,  Plate  I 1,58-59 

Boxes I,  285,  286 
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Driving  Shaft I,  4r)6 

"         Wheel  Csisiings— Illustration I,    07 

"  "       Centers— Illustration^  Plate  I I,  58-59 

"  "       —Its  Ability  to  Carry  a  Load I,    G4 

"  "       — The  Largest  Ever  Known I,    35 

"  "       Tire— Illustrations,  Plate  I .   I,  58-59,    67 

Wheels I,  87,  2SG 

"  "       — Illustration I,     (jQ 

"  "         Application  of  Flanged  Brake  Shoe  to. .  .1,  304 

French IV,  210 

Load  on III.  195 

"  *'         Locomotive — Brake  Used  on I,  297 

"  "         — Number  Required I,    66 

"  "  Removing    1,244 

"  "         Steam  Brake  for— Stephenson's,1833—/?Zwsl 

tration I,  299 

"  "         Steel-Tired 1,302 

"  "         Theory  of  the  Application  of  the  Auto- 

matic Brake  and  Brake  Shoe  to  the — 

Illustration I,  542 

Use  of  Brakes  on I,  314 

Drop  Hammer I,  2G3 

"      Handle,  Vestibule  Door — Illustration,  Plate  II .  .1,116-117 

"      Off  Flagman— Meaning  of  Term IV,  317 

"      Pits I,  244 

"    Pneumatic 1,244 

"      Table 1,261 

Drum,  Air — Illustration,  Plate  I I,  58-59 

CirculSitmg— Illustration,  Plate  II 1, 116-117 

"        Delivery  to— Illustration,  Plate  I I,  58-59 

Dry  Goods,  L"se  of— by  Railwaj^s VII,  211 

"    Kiln 1,272 

"    Pipe I,  286 

"        "     -  Illustrations,  \P^''''^ I' f -59 

( ^1     62 

"        "      Hangers— Illustration,  Plate  1 1,68-59 

"        "      Joint— Illustration,  Plate  I I,  58-59 

"        "      Umg— Illustration I,     98 

Du  Chaillu XI,    28 

Dudley,  Dr    I,  100 

Dummy  Couplings I,  321,  326,  330,  333 

Dumping  C&r— Illustration I,  149 

"  "     French— Illustration 1,150 

Dump  Pan — Illustration,  Plate  II. 1, 116-117 

Duplex  Air  Gauge I,  349 

"  "         "      —Illustration I,  316 

"       Pump  Governor — Illustration I,  355 

Duplicate  Order  System  of  Telegraphic  Dispatching.. IV.  83,    84 

Way  Bills VI,  180,    181 

Duplication  of  Railroads — How  Lessened II,    46 
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Dust,  Avoidance  of — in  Air  Pump I,  881 

"      Guard,  Journal  Box— Illustration,  Plate  III 1, 170-171 

"     in  the  Air  Brake I,  369 

Duties  of  Executive  Officers II,  132 

"       "  the  Common  Carrier VI,      6 

Duty.  Neglect  of IV,  329 

Dwarf  '6\}rnn\s— Illustrations IV,  501 

D3eino^,  Facilities  for I,  274 

Dynamite  Car,  BrsLzUian—Hlustration I,  186 

Dynamo I,  396,  397,  401,  455,  488 

"        and  Storage  Battery  System IV,  176 

"        Compound  Wound I,  409 

"  "      —Two  Field  Windings— Hhistra. 

Hon I,  409 

"        Connection  of — to  the  Engine I,  456 

"        Constant  Potential I,  408 

Direct  Current I,  411 

"        Electric  Horsepower  Delivered  by  a — How  Found,  I,  404 

"        Electro-Motive  Force—How  Determined I,  409 

"        Energy  of  Steam  in , 1,403 

"        How  Current  is  Produced  in  the I,  405-410 

''        Invention  and  Development  of I,  520 

Limitations  of I,  427-429 

Loading  the I,  429 

"        Magnetic  Field  in  a I,  405 

"        Mechanical  Energy  in  a I,  402 

"        Output  of 1,427,428 

"'        Power  Delivered  by  a L  404 

"''        Section   of  a — Showing  Electro-Magnets   or  Fields 

and  the  Armature  \yithm— Illustration I,  406 

Self-Excited I,  409 

Separately  Excited I,  409 

Shaft I,  456 

Speed  of I,  407 

Terminals  in I,  307 

Dynamos   I,  253,  259,  460.  461 

Belt-Driven I,  456 

Booster I,  451 

Design  of I,  408,  409 
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Early  Form  of  Brake— Illustration I,  296 

''      Lever  Brake,  1G30— Illustration I,  291 

Earning  Capacity  of  American  Railroads I.  166 

Earnings,  Baggage V,  63-65 

Classes  of X,    31 

"          Divisions  of — Between  Portions  of  a  Line. .  .X.  148-153 
"          Effect  on — of  Charging  for  Transportation  of  Rail- 
way Material VII,  201,  202,  204 
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Earnings,  Express — Definition  of X,  178 

Traffic V,  548-551 

Freight— Daily  Ketiirns  of VI,  243-247 

"     —Definition  of X,  177 

"  Gross — A  Basis  for  Taxation Ill,  441-446 

"  "     — Katio  of  Cost  to 111,144,145 

"     — Unitof II,     27 

"  Joint — Apportioning X,  131,  132 

"    —Divisions  of X,  151,  152 

"  Locomotive — How  Increased I,  1G6 

Mail— Definition  of X,  178 

"  Miscellaneous X,  149 

—Definition  of X,  178 

—English VI,  327-329 

"  Passenger— Dailv  Exhibits  of V,  156-158 

"  ■       —Definition  of X,  177 

"  Percentage  of — Paid  for  Labor .. .  VIII,    24 

Relation  of  Cost  of  Operating  to II,  109,  110 

"  "  "  Speed  to. . . . .- IV,  104 

"—to  Capital 111,35,70,    71 

"  Expenses Ill,    57 

Earth,  Cars  for  Handling I,  224 

Eason,  Charles,  Jr Ill,    65 

East  Indian  Railway Ill,  178 

'  Freight  Cars  of 1,121 

Eastern  Railway  of  France Ill,  178,  183 

Cars  Used  on 1,121 

Eastwich  &  Harrison I,    51 

Eaves,  Molding — Illustration^  Plate  II. 1, 116-117 

"  "         Beck— Illustration,  Plate  II., I,  116-117 

Eccentric,  Back  Up — Illustration^  Plate  I I,  58-59 

Blade I,     90 

"  Connection,  Back  Up — Ilhistration,  Plate  /  . .  .1,  58-59 

«  "  Go  Ahesid— Illustraiion,  Plate  I.. l,58-5d 

"  Go  Ahead— Illnstration,  Plate  I I,  58-59 

"  'Rod— Illustration I,    60 

"     Back  Up— Illustration^  Plate  I T,  58-59 

"  "     Go  AhesLd— Illustration,  Plate  I I,  58-59 

Rods I,    89 

"  "      Stephenson's  Locomotive I,    48 

Strap,  Back  Up— Illustration,  Plate  I I,  58-59 

"  "       Go  Ahead— Illustration,  Plate  1 1,  58-59 

"  Straps I,    89 

Eccentrics I,  89,  286 

"  —Illustration I,     67 

"  Location  of I,    94 

"           Straps   and    Reversing  Gear — Side   View  of— Il- 
lustration   I,    90 

Economic  Laws H,    33 

"  "      Influence  of — on  Railways IV,      8 
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Economy,  Awards  for II,  29.     30 

"  in  the  Employment  of  Labor II,     27 

Edmonson,  Thomas V,  80',    92 

Educated  Men,  Advantage  of I,  130 

Education.  Eft'ect  of — on  Kailway  Officers Ill,  139 

"  Necessity  of IV,    35 

"  Systematic— Value  of II,  297 

"  Value  of — in  Railway  Service IX,    17 

"—to  Trade 1.129 

EfTect,  Heating— of  Electric  Current I,  398^  399 

"       Magnetic— of  Electric  Current I,  399,  400,  401 

Effects  of  Electric  Current I,  398 

Efficiency  of  Engine-type  Railway  Generators I,  459,  460 

"  "  the  Induction  Motor I,  446,  447 

"  Recognition  of IV,  24-27 

"  The  Highest— How  Secured IX,    36 

Efficient  Service VI,  5,  11-18 

Effort,  Co-operative— How  Obtained II,    58 

Eggs,  Loading VI,  103 

Egibi  &  Son XI,  126-128 

Egypt,  Common  Carriers  of XI,  109 

"        Inscriptions  of XI,  112 

"        — Its  Primitive  Associations  and  Means  of  Carriage 

XI,  283-292 

"        Position  of  Women  in XI,    24 

"        Primitive  Carriage  in — Illustrations XI,  283-292 

Egyptian  Chariot  Wheel,  Ancient — Illustration IV,  190 

Locomotive — Illustration T,  120 

"  Wheel,  Ancient — Illustration IV,  191 

Egyptians XI,  109,113,114,  119 

Chariots  of XI,  110,  111 

"  Primitive  Carriage  Among XI,    95 

Ejector '. '.    .  ..T,  110,  111,  292,  299,  300 

"         — Illustration I^  HI 

Elasticity  of  Track ..[. .  .Ill,  179 

Elbow,  'Reduc'ino;— Illustration,  Plate  II. I,  116-117 

Elections,  Notices  of Ill,  425 

Electric  Bells I,  401 

"        Block  Signals,  Automatic — Illustrations 

IV,  280,  282-285 

"      System,  Automatic IV,  279-301 

Brakes I,  485,  4SQ 

"        Car— Its  Eft'ect  I'i)on  Street  Railway  Service I,  394 

Current,  Eff"ects  of 1,398 

Strength  of I,  397,  398 

"        Currents 1,  397 

Energy  of I,  402-405 
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Electric  Currents,  Source  of I,  397,  898 

"        Emerujency  Brakes I,  485,  486 

"        Generator 1,396 

Heaters 1,402,486 

"        Horsepower,  Delivered  by  a  Dynamo — How  Found.. 

I,  404 

"Electric  Li^ht  Plants" VH,  461 

Electric  Lighting  Plant  and  Baggage  Car,  Austrian  Imperial 

Train — Illustration I,  211 

"        Lights,  Development  of I,  520 

Locomotive I,  467-469 

"  "  — Illustration I,  521 

"  "  — Baltimore  &  Ohio  RailroadTunnel — 

Illustration I.  388 

TheHeilmann 1,516-519 

''  "  Trnck— Illustration I,  513 

''        Locomotives  of  the  Baltimore  &  Ohio  Railroad  . .  .1,  464 

Machines I,  405-412 

" Electric  Motive  Power  Plants" VII,  461,  462 

Electric  Motor  Car I,  467-479 

"      —The  PI  ace  It  Shall  Occupy I,  394.  395 

Motors 1,260,264,394,  396 

"  "        Controller  for;  Open,  Showing  Drum   and 

Fixed  Contacts— Illustration I,  486 

*'        Power,  Delivered  by  a  Dj-namo I,  404 

Problem,  the 1,394,395 

Push  Button— Illustration,  Plate  II. 1, 116-117 

"        Railway,  Elements  of  an I,  453-485 

TheFirst 1,520 

Track 1,462,463 

Roads I,  489-506 

System— The  First  Practically  Operated I,  520 
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Energy  into I,  402 

"         Distribution  of I,  414 

Production  of  Heat  by I,  397 

Transmission  of I,  412,  413 

Engineers,  American  Institute  of I,  391 
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Limits 1,429 

*'  Power — How  Measured I,  403 

"      System 1,  402 
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"  Progress I,  522-525 

Science 1,390 

"  System,  Elements  of I,  396 
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Definition  of I,  393,  394 
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"     "       "     Heating  Cars IV,  164, 176-180 

«  "     "       "    Lighting  Coaches. 1,204 
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Electricity,  Use  of— on  the  Columbia  &  Maryland  Railway 

I,  504,  505 

"         -     "     "       "        "     Lugano,   Switzerland,  Electric 

Tramway I,  505,  506 

"  "     '-       "        •'     Metropolitan  Elevated  Railway, 

Chicago ...I,  495,  496 
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I,  492-496 
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Brakes,  Electric 1,485,  486 

"  or  Direct  Application  Position,  of  Engineer's 

Brake  and  Equalizing  Discharge  Valve  . .  .1,  352 

"  Vision— Illustration I,  344 

"  Stopping  a  Train  in 1,326 

"  Ysi\Ye~Ilhistration I,  344 

"  When   Service  is  Intended  —  Instructions  to 

Trainmen , .    I,  371 

Emery  Cloth,  Use  of— by  Railways VII,  212 
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Emery, Storing Vir'  212 

Use  of-  by  Kailways .vii'  ^l"; 

"       Wheels,  Use  cf— by  Railways \  i^i^,  ^l'^ 

Emigrants,  Effect  of  American  Customs  on 1,  202 

Eminent  Domain,  Value  of  Right  to  Carriers VIII,    58 

Employe,  Interest  of  Employer  in li,  ^1;  ^^'    ^l 

"   '      Relations  of— to  Employer 11,91-95 

Welfare  of 11^    15 

Employes,  Acceptance  of  Political  OfHces  by IX,  204,  205 

"  Accidents  to 1^  « l^^^  ^2^ 

"  and  Officers,  Relations  Between 11,  27,    28 

"  Arbitrary  Dismissal  of H,  205,  20G 

"  Associations  of I^  227-229 

"  '•   with  Officers 1,225 

at  Headquarters HI,  418,  419 

"  Average  Amount  Paid— in  America,  Europe  and 

India ^^%^^ 

Behavior  of I^^  332,  334 

Bonding I^,  1^8-1 '7 

Classification  of lA,  dOb 

"  Co-operation  of— with  Employers X,  293-29o 

Deceased— Wages  of VII,  403,  407;  IX,  394 

"  Deductions  from  Pay  of VIl,  385-387,  392 

"  Discharged— Payment  of VII,  408 

"  '•  — Re-employment  of IV,  330 

Dishonest II,  199 

"  Disposition  of  Property  Found  by IV,  331,  332 

"  Dissatisfaction  Among II,    18 

Duties  of— on  AVay  Freight  Trains IV,  323 

"  Earnings  Capacity  of— in  the  United  States. II,  25,    26 

Faithful U'  o?? 

Faithfulness  of V,  326 

Fitness  of 1^^  103 

" —Test  of IV,  331 

"  Government ^»  ^'^^ 

"  Granting  Passes  to VH,  138 

Grievances  of IH^  473 

Guaranty  Funds -J^,  1/0 

Identification  of VlI,  397 

'•  "  '^  —to  Paymasters X,  230 

Increase  in  Number  of HI,  419-421 

Inefficient .IX,  289 

"■  Inexperienced 1^'  38,    39 

Information  Regarding  the  Character  of IX,  167 

Intercourse  of— With  Officers II,    17 

"  Interest  of  Managers  in IV,    24 

"    —Methods  of  Heightening.. II,  13,  28,    29 
Investments  by— in  the  Stock  of  the  Employer.  II,  ^  28 

"'  Keeping  Time  of I,  279,  280 

''  "       ^'   —in  England Vll,  531,  532 
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Employes  Leaving  Service,  in  Great  Britain IV,  446 

"  "        Retaining  Wages  of  ...Vli,  404,  405 

"  Loans  to X,  317-821 

"  Location  of  Residences  of V,    45 

"  Locomotive II,  200 

Loyalty  of 11,14,31,32    91 

Number  of — Per  mile  of  Road II,    27 

Obligations  of II,    21 

"  Obscure VI,    15 

Pay  of— Traffic  in IX,  434 

"     "  —When  Absent IV,  334 

Payment  of VII,  397 ;  X,  185-253 

"               "          "    — Wtio  Cannot  Appear  Personally  Be- 
fore the  Paymaster 

VII,  412,  413;  IX,  400,  401 

*"  Practices  of  English  Railways  in  Choosing II,    15 

"  Presumption  of  Honesty  of IX,    37 

"  Prosperity  of— Basis  of II,    67 

Qualifications  of 11,13;  IV,  331 

Required  in Ill,  415,  41G 

Railway IX,  11-19 

"  "         —Aspirations  of IL    63 

"  "         —Charges  for  Transporting VII,  199-206 

"  "         —Definition  of  Titles  of 11,141,142 

''  "         —Duty  of 11,66,    67 

"  "         — Growth    of   Associations    and  Unions 

Among II,    59 

—Integrity  of II,     65 

—List  of 11,308-320 

"  "         —Loyalty  of 11,65,    66 

—Number  of II,  306 

-  Strike  of,  in  1886 II,    33 

"  "         —Tenure  of  Otiice  of IX,  109 

—Titles  of..    VII,  249-251 

—Unfaithful IX,  109 

—Versatility  of II,    63 

"  Recognition  of VI,    15 

"  Relation  of— to  Owners Ill,  472-475 

"      "  Railways 11,57-69 

Residence  of IV,  330,  331 

Responsibility  of IV,  333;  IX,  26,    27 

"  Roundhouse 1,271 

"  Rules  Governing — in  Great  Britain IV,  443-447 

Shop— Value  of  Discussion  Among I,  289,  290 

Should  be  Alert IV,  330 

Have  Printed  Instructions IV,  329 

Station VI ,    18 

"  "      —Appointment  of IX,    25 

"  Surveillance  of V,  326 

"  Suspension  of IV,  332,  333 
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Employes,  Taking  Time  of YII,  360-3G8 

Tippino: V,  391-395 

Track— Rules  Governing Ill,  260-271 

"  Training  of II,  103 

"  Transferred,  Wages  of YII,  403 

"  Uncalled  for  Amounts  Due X,  197 

Unfaithful II,    92 

"  Unskillful IX,  38,    39 

"  Use  of  Intoxicants  by IV,  330 

"  "     "    Stationery  by VI  1, 137,  138 

"  Value  of  Experienced II,    20 

"    —to  Employers IX,  15,    16 

Withholding  Wages  of IX,  388,  389 

"  Worn  Out — Provision  for II,    95 

"  Young — Necessity  of  Especial  Supervision  Over. 

IX,  29,    30 

Employer,  Condition  of — How  Improved II,    35 

"  — His  Knowledge  of  Labor  Performed I,  281 

"  Interest  of— in  Employe II,  31,  32,    61 

"  Loyalty  of  Employe  to II,  31,    32 

"  Relations  of— to  Employe II,  91-95 

Employers,  Co-operation  of — With  Employes X,  293-295 

"  Observation  of  Contracts  by II,    38 

"  Value  of  Employes  to IX,  15,    16 

Employment,  Ability  of  Capital  to  Find  Safe  and  Profitable. 

II,    34 

"  Railway — Opportunities  to  Find IX,    14 

Emulation.  Spirit  of I,  226 

End  Braces— i?/nsfrrt/io??,  Plate  III I,  170  171 

"     Carline,  Platform  Mf^oi— Illustration,  Plate  II 1, 116-117 

"        Y Q^tihule— Illustration^  Plate  II I,  116-117 

"    Door— Illustration^  Plate  III 1, 170-171 

"        "     BTaaket— Illustration,  Plate  III I,  170-171 

"  "        ^yea^ye— Illustration^  Plate  III 1, 170-171 

"        "     Chafing  '^triim— Illustration,  Plate  III 1, 170-171 

"         "     Closed  Stop— Illustration,  Plate  III 1, 170-171 

"         "     UsLUgers— Illustration,  Plate  III. 1, 170-171 

"     IiR?^p— Illustration,  Plate  III 1,170-171 

"         "     Hood— Illustration,  Plate  III I,  170-171 

"     OpenChisp— Illustration,  Plate  III 1,170-171 

*'         "  •'      Stop-Illustration.  Plate  III 1,170-171 

"        "     Seal  Fin— Illustration,  Plate  III 1, 170-171 

"         "     St(ip\e— Illustration,  Plate  III 1, 170-171 

"     Threshold  VUte— Illustration,  Plate  III. I,  170-171 

"     Fascia— Illust ration,  Plate  III 1, 170-171 

"    Girts— Illustration.  Plate  III 1, 170-171 

"    Grab  Iron— Illustration.  Plate  III. 1, 170-171 

"     of  Car.  Ohsery.ition— Illustration,  Plate  II 1, 116-117 

"    Piece  PhAte— Illustration.  Plate  II 1, 116-117 

''    Flsite^Ilhistration^  Plate  III 1, 170-171 
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End  Plate,  Body— /??»<s/m//o?!,  Plaic  II 1, 116-117 

"         "      Tie  iioa—Illust ration,  Plate  III J,  170-171 

,,     ^     ,     T77     .     ,•  <  Plate  II 1.116-117 

"     Rail,  Sent— Illustration^  Plate  II 1, 116-117 

"     Kest,  Sesit— Illustration,  Plate  II I,  116-117 

"     Sesit— Illustration^  Plate  II , 1,  116-117 

"     Sm-Illustrations,  -j  ^^/^  Yl'l  \  \  \  \  [  [ '.  [  [  [  [','.[[[  [  [  [  [  ]]  i7oIl71 
"      "    Corner  Flate— Illustration,  Plate  II....    ,.'. '. '.  .j]  116-117 

"       "    Vlsitform— Illustration,  Plate  II J,  116-117 

"       "    Tie  Hod— Illustration,  Plate  II I,  116-117 

Energy,  Chemical — Production  of  Electricity  by I,  397 

"  Heat  by I,  397 

"■        Electrical — Conversion  of  Chemical  and  Mechanical 

Enertry  into I,  402 

—Distribution  of 1,414 

—Production  of  Heat  by 1,397 

"  "         — Transmission  of -..1,412,413 

'*        Heat — Production  of  Electricity  by 1,  397 

Loss  of I,  398 

"        Mechanical — How  Measured I,  403 

"  "  —Production  of  Electricity  by I,  397 

"   Heat  by I,  397 

"        of  Electric  Currents I,  402-405 

"•        Transformation  of  Chemical  into  Mechanical I,  393 

Engine.     (See  also  '"'Locomotive.*') 

"        American — Superiority  of I,    44 

"Engine  and  Roundhouse  Men" VII,  485,  486,  518,  519 

Engine  Brakes I,  380 

"        Breda— of  Milan I.  151 

"        Compound I,  95,  also  Vol.  XII 

"        Connection  of  the  Dynamo  to I,  456 

"        Coupled  Passenger  Bogie— Illustration I,  132 

"        Detaching — Instructions  to  Trainmen I,  323 

Donkey I,    77 

"        Evaporating  Power  of — How  Increased I,    26 

Finishing  of  the I,  286 

"        First  Ten-Wheeled  Passenger — "Thatcher  Perkins," 

IS63— Illustration I,    45 

"      Truck— "Brother  Jonathan,"  1832— Illustration 

I,    34 

Frame I,  380 

"      Clamping  of I,  286 

Freight— The  First,  1832— Illustration I,    38 

"        "Hercules,"    1837— The     First    Having    Equalizing 

Levers — Illustration I,    51 

"        House,  Air  Pipes  in I,  328 

'  "  "      Foremen,  General  Intructions  to I,  328,  329 


GENERAL  INDEX.  125 

PAGE 

Engine  "Kodak,"  Direct  Connected  to  Generator, Fitohburg 

and  Leoniiuster  Street  Ra.\\wRy—Illust  rat  ion .  .1,  453 

'-''        Length  of  Time  kept  in  Service 1.247,248 

•'        Madras  Bailw Ay— Illustration 1,  133 

'*        Mineral  Tank— Scotland— ///H.s-/ra/io/i 1,  123 

•'        Neilson's  Twin  Goods— Scotland— i?^«s/m<iow I,  125 

*'        Newton's  Experimental,  liiSO— Illustration I,    17 

*'        North  Midland  Company's I,    48 

Operation  of 1,83,    84 

'•        Passenger — Description I,    66 

—Suburban 1,303 

—Through I,  303 

"Pioneer,"  1836— Baldwin's— IWtts^raao?^ I,    39 

Saddle  Tank— American  Four-Wheeled— /Z/wsfra«i07i 

I,  105 

Stationary 1,108 

Steam 1,453,454 

Superintendent I.     27 

Testing— for  Leaks I,  370 

"        —The  First  Built  for  Burning  Cumberland  Coal— 

Illustration ...I,     43 

"  "  "        in  America  with  a  Four-Wheeled  Bogie 

"  "  —Illustration I,    50 

"  "  "        to  Draw  a  Car  on  the  American  Conti- 

nent—Cooper's "Tom  Thumb,"  1829 

— Illustration I,     27 

with  a  Double  Fire  Box I,    49 

"     .      "  "     "  Eocking  Grate— Illustration  .  .1,    43 

"  "  "  "     Equalizing  Levers I,    51 

Tank I,  106 

"        Trimmings I,  286 

Truck— Illustration,  Plate  I I,  58-59 

"  "        Axle— Illustration,  Plate  I 1,58-59 

Box— Illustration^  Plate  I I,  58-59 

Brake 1,329 

"  "        Brass— Illustration,  Plate  I I,  58-59 

"  '•        Equalizer — Illustration,  Plate  I I,  58-59 

"  "        Frame— Illustration,  Plate  I I,  58-59 

"  "  "       Brace— Illustration.  Plate  1 1,58-59 

Pedestal— /^^^s^mfton,  Plate  I I,  58-59 

"  "  "        Brace— Illustration,  Plate  I I,  58-59 

Spring— Illustration,  Plate  I I,  58-59 

Band— Illustration,  Plate  I I,  58-59 

"  "  "         Uancrer— Illustration,  Plate  I I,  58-59 

Tire— Illustration.  Plate  1 1,58-59 

Wheels— Illustration,  Plate  I I,  58-59 

Trucks 1,286 

"        Type  Railway  Generator I,  456-458 

"  "  "  "  Armature  o  f  —  Showing 
Winding  Connected  to  Commutator— Illustra- 
tion   I,  458 
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Eno^ine  Type  Kailway  Generator  Field  with  Brush  Holder 

—1,500  Kilowatt— Illiistratioji I,  390 

"        Uncoupling  From  Train I,  375 

Engines.    (See  also  "  Locomotives.") I,  259,  also  Vol.  XII 

Atmospheric Ill,  120 

"        Coal  Burning — Cost  of  Change  to  Oil  Burning I,  104 

"        Consolidation 1,164 

Failure  of  Reporting IV,  381 

"        Freight — Weight  on  Drivers  of I,    64 

"        Inspection  of II,    47 

"  Air  Brake  Equipment  on 1,328,329 

*'        Loads  Hauled  by — in  America I,  206 

Marine I,  103 

"        Passenger — Weight  on  Drivers  of I,    64 

"        Primitive  Application  of  Steam  to XI,  510-520 

"  "  "  u         u       ''—Illustrations.. 

XI,  510-520 

"        Specific  Names  for I,    45 

"        Stationary I,  68,  103 

"  "  for  Moving  Trains 111,120 

"        Stephenson's — Valve  Gear  of I,    48 

"        Switch — Weight  on  Drivers  of I,    64 

"        Switching — Description  of I,    65 

"        Two  or  More  Coupled  to  a  Train I,  320,  372,  373 

"        Use  of  Numbers  in  Designating I,    45 

Weight  of I,  165 

Engineer.     (See  also  ''Engineman.") 

Chief 11,138 

"    —Duties  of II,  210-223 

Civil 11,175,176,198;  111,131-133,311,  312 

"    —Characteristics  of II,  210,  211,  213 

"    —Functions  of 11,211 

Consulting , II,  138 

Division II,  138 

Duties  of IV,  38-40 

"  — His  Knowledge  of  the  Locomotive I,    16 

Locomotive II,  200,  also  Vol.  XII 

Mechanical I,  277 

of  Tests I,  277,  278 

Position  of IV,    37 

Skill  of I,    91 

Stationary I,  253 

The I,  311,312;  IV,  33-40 

Engineers.     (See  also  "'Enginemen.") 

"  A  Concise  and  Specific  Account  of  the  Duties  of 
Engineers  and  Firemen  in  Connection  with 
the  Operation  of  Locomotives,  see. .  —  .Vol.  XII 

Assistant Ill,  259 

Engineers'  and  Firemen's  Pay  Rolls . .  .VII,  393,  394 
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Eno-ineers'  and  Firemen^s  Time  Book VII,  366,  376-379 

"  "  Books  and  Essays  Written  by I,  235 

Brake  and  Equalizinoj  Diseharoe  Valve,  with  Feed 

Valve  AUBichment— Illustration  ...I,  351 

«      Valve  I.  309,  315.  317.  319,  320,  538 

u  '•  "      —Illustrations,  Plate  I. 1,58-59,349 

«               "           '•      — Instructions  to  Enginehouse  Fore- 
men and  Inspectors I,  328 

«  "  "      —Operations  of I,  349-352 

"  "  -      with   Feed  Valve    Attachment  and 

Duplex    Air    Gauge  — lUustra. 

tion 1,  316 

"  Characteristics  of IV,  34,    38 

"  Civil — Requisitions  of VII,     72 

"  Electrical— American  Institute  of I,  391 

Equalizino^  Brake  Ya.\Ye— Illustration I,  539 

"  Fuel  Delivered  to . . , VII,  334,  335 

"  Influence  of — on  Consumption  of  Fuel VII,  173 

"  Instructions  to 1,315  321,363-369 

"  Lever  in  Connection  with  Reversing  Gear— lUus. 

tration ■    I,     91 

"  Licensing Hi    -^7 

"  Locomotive — Brotherhood  of II,    53 

"  Practical  Knowledge  of  Fuel  of VII,  170 

Rules  Governing IV,  420-428 

"■  Stakes  Care  of III«  -"^^ 

Valves' 1 .  .1,  305,  306,  313,  334,  3 17-  349,  353,  354 

Wages  of ^^11,  365 

"Engineering" ^H'  "^^'^ 

Eniifineering  Department II?  136-138 

"  "  of  the  Xavy I,  -234 

"  "  Recognition  of I,  234 

"       _    Profession 11,223 

Engineman.     (See  also  "Engineer.'') 

"  —Meaning  of  Term I  >  ,  33o 

Enginemen.     (See  also  "Engineers.'") 

"  Dangers  to — How  Minimized I,  198 

General  Instructions  to Ij  315-321 

"  Responsibility  of —  •  •  IV,  359 

England,  Accounting  for  Material  and  Fuel  in VII,  528-530 

"         Adjustment  of  Claims  in VI,    21 

Capitalization  of  Railways  in Ill,  65-71,  85,    86 

Carriage  of  Parcels  in V,  517,  520,  521 

"         Collection  of  Fares  in , V,  182-188 

"         Construction  of  liOcomotives  in I,    28 

Cost  of  Block  Svstem  in IV.  141 

"      "  Operating  in 111,1-15,146 

Early  Signals  in IV,  247-249 

"         Experience  of  in  Connection  with  Compartment 

Car 1^177 
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England,  Fog  Signaling  in IV,  271,  272 

"         Form  of  Cylinders  in  General  Use  in I,    88 

Gauge  Used  in ..111,194 

Great  Northern  Kailwav  of..  .111,  267-270;  IV,  331- 
334,  343,  344,  349,  300,  363.  378,  402,  405, 
407-409,  411,  414,    418.  419,  432;  V,  225,  540 
"       Western  Railway  of,. .  .Ill,  179,  191,  192;  IV, 

341,349,350,382,407,410,425,433;  V,  227,  229 

Heating  Cars  in V,  234,  235 

"         Introduction  of  Link  Motion  in I,    48 

"the  Cab  in T,    56 

"         Keeping  Time  of  Employes  in VII,  531,  532 

"         Labor  U^nions  in II,    37 

Lighting  Cars  in IV,  173 

Mail  Service  in V,  560 

"         Maintenance  of  Track  in Ill,  307-309 

"         Maximum  Rates  in VIII,  135 

"         Method  of  Heating  Passenger  Cars  in I,  173 

"  Opening  Railroads  for  Business  in VIII,  300 

"         Opposition  to  Railways  in Ill,  117 

Payment  of  Wages  in X,  233,  234 

"         Perfection  of  Safety  Appliances  in IV,  141 

Pooling  in VIII,    76 

"         Practices  in VIII,    64 

"  —of  Handling  Supplies VII,  104,  105 

"         Private  Freight  Cars  in II,    45 

Prohibitive  Rates  in VI,    37 

Railway  Accidents  in IV,  128,  129 

"  "         Laws  of VIII,  265 

"         Responsibility  for  Baggage  in V,  308 

"         Royal  Commission  of VI,  69-71 

"         Safeguards  Adopted  in IV,  138 

Scholarship  in IX,     17 

Second  Class  Cars  in I,  170 

Shipment  of  Baggage  in V,  299,  300 

"         Sleeping  Cars  in I,  201 

"         Status  of  Railroads  in VIIL  14,  318 

"         Third  Class  Travel  in 1, 169,  170 

"         Use  of  Headlights  in I,    57 

''     "Metal  Ties  in 111,376 

"     "  Parcel  Tickets  in V,  476 

u  u      ..  Private  Cars  in II,    45 

"     "  Rigid  Wheel-Base  in,  I,    24 

*'  "      "  Teak  Wood  for  Passenger  Car  Wheels  in . . . 

IV,  215 

English  Car  Wheoi— Illustration IV,  215 

Cars,  First  Class I,  170 

"        Compartment  Car,  Origin  of 1, 183,  184 

Directors Ill,  140 
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English  Fish  Belly  Rail,  New  Jersey  Railroad— A.  D.  1832— 

Illustration Ill,  203 

Freight  Cars I,  172 

"        Permanent  Way,  Section  of— Illustration .Ill,  313 

"        Railways 1,    50 

Costof 111,148 

•'  "         Fiscal  Afiairs  of VI,  318-333 

Time  Tables    IV,  78,    79 

Train  Rules IV,  331,  334,  340, 

343-345,  348-350,  357,  3G0-364,  366,  367,  374,  377- 
382,  402,  403,  405-419,  421,  424,  425,431-435,441,  461 

Use  of  Portable  Railroads  by I,  222 

Englishman,  Personality  of  the I,  150 

Engraving Ill,  158 

Engravings  of  Electrical  Apparatus I,  391 

Enlargements,  Charging  to  Construction VII,  455 

Enlightenment,  Associations  of  Employes  for I,  229 

Entellus XI,    91 

Enterprise Ill,    79 

Enterprises,  Great — Requirements  of II,    33 

Entrances,  Passenger  Car I,  176 

Envelopes,  Remittance X,  263 

Environment,  Influence  of II,   vii 

Epaminondas XI,     87 

Epeus XI.    91 

Equalization  of  Pressure I,  342,  350,  360,  361 

Equalizer — Illustration I,    60 

"  Engine  Truck — Illustration,  Plate  I I,  58-59 

"  Fulcrum  to — Illustration I,    60 

"  Side  View  of — Illustration I,  110 

Equalizers,  Driver  Spring — Illustration,  Plate  I. I,  58-59 

Equalizing  Ba.r— Illustration,  Plate  II. 1, 116-117 

"  "    Saving— Illustration,  Plate  II 1, 116-117 

"  "        "        C^Y)— Illustration,  Plate  II. 1, 116-117 

'^Q2it— Illustration,  Plate  II I,  116-117 

"  Brake  J.ever— Illustration,  Plate  II I,  116-117 

"  "      Valve,  Engineer's — Illustration T,  539 

"  Discharge  Valve,  Operations  of I,  349-352 

"  Lever,  Effect  of I,    52 

Levers 1,51,110 

Piston I,  328 

"  Reservoir  for  Engineers  Valve — Illustration. . I,  539 

Equipment,  Adaptation  of,  to  Traffic Ill,  168,  169 

"  Air  Brake— Inspection  of I,  328,  329 

"  Apportionment  of  Wear  and  Tear  of VII,  507 

"  Carrying  Capacity  of — On  What  Based VI,    51 

"  Comparison  of  English  and  American.  .  .Ill,  147-149 

"  Construction  and  Maintenance  of I,  288 

Cost  of  Keeping  in  Repair 111,478,479 

Defective IV,    60 
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Equipment  Department II,  176,  'SOba-SUbr 

"  Difference  in I,  119 

"  Discussions  of  Matters  Relating  to I,  289,  290 

"  Duration  of Ill,  424 

"  Effective  Use  of— Upon  What  Dependent VI,    52 

"  Expenses  of  Inadequate Ill,  427 

"  Superabundant Ill,  428 

''  Freight— of  En^lisli  Railwaj^s I,  172 

"  Handling — of  the  Planing  Mill  and  Car  Shops.. 

I,  274,  275 

"  Inspection  of IV,    GO 

Limitations  of VI,  49,51-53 

Maintenance  of VII,  479-485,  516-518 

Motor  Car I,  488 

of  Electric  Roads I,  489-506 

''  Repair  Shops I,  237 

"  "  Roundhouses I,  243 

"Shops 1,259 

"  Passenger — Advance  in I,  165 

Purchaseof VII,    84 

"  Railway I 

Construction  of I,  138 

"  intheUnitedStates...I,  141 

"  "  Manufacturers  of 1,126 

—of  Great  Britain Ill,  129 

"  "        Strife  of  Manufacturers  of I,  140 

Renewals  of Ill,  399 

Road— Electrical I,  462-469 

"  Successful  Manufacturers  of I,  145 

"  Superabundant VI,    52 

*'  Supply  of — Furnished  by  Railroads VI,  54,     55 

Utilization  of IV,  57 ;  V,  26-29 ;  VII,  180 

Erecting  and  Machine  Shop I,  254,  264,  265 

Room 1,261 

Shop 1,273,274 

"      for  Freight  Cars I,  271 

"    Passenger  Cars 1,271 

"  "      — Locomotive  Department — Cross  Section — 

Illustration^  I,  248 
"  "  "  —End  Elevation— 

Illustration,  I,  246 
—Side    Elevation 
— Illustration 

I,  245 

"      — Tracksin 1,261,262 

Shops I,  272 

—Distribution  of  Material  to I,  272 

Tracks I,  265 

Erie  Rail,  A.  D.  lSo7— Illustration Ill,  268 

Errors,  Claims  for II,  242 
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Errors,  Correcting IX,  361-366 

"       in  Footing  Way  Bills IX.    59 

'•    Way  Bills VI,  183,  186 

"         Settlement  of  Claims  for VI,  293,  294 

Eryax XI,    91 

Ery threan  Sea XI,  111 

Escutcheon— i7?usfra/io?i,  Plate  II I,  116-117 

Esdraelon,  Plain  of XI,  104 

Essays — Written  by  Engineers I,  235 

Estimates,  for  Railway  Construction  Work II,  168 

"  of  Cost  of  Constructing  Railways III.    31 

Estray  Baggage,  Tracing  for V,  342-346 

"      Freight VI,  165-168 

Etiquette,  in  Corporate  Life II,    83 

Euphrates.  Boats  Used  on XI,    81 

Europe  Baggage  Allowed  in V,  288,  289 

in V,  284-286 

Billing  Baggage  in V,  369-376 

Business  Methods  of VIII,  233 

Capitalization  in Ill,  142 

"        Carrying  Capacity  of  Cars  in VI,  51,    52 

Cars'of IV,  316.  317 

Central XI,    54 

'^        Charges  for  Storing  Freight  in IX,    81 

Electric  Railways  in I,  505.  506 

Freight  Traffic  of VI,  8-11 

Gauge  Used  in Ill,  194 

"        Goyernment  Management  in VIII,  251 

Lighting  Cars  in IV,  173 

Methods  of  Heating  Trains  in V,  232-236 

"        Miscellaneous — Its  Primitiye  Associations  and  Means 

of  Carriage XI,  477-488 

"  — Primitive  Carriage  in — Illustration 

XI,  477-488 

"        Passenger  Rates  in V,    25 

Practices  in VIII,    55 

"        Railway  Travel  in I,  202 

"        L^se  of  Private  Cars  in VI,    73 

"      "   the  Air  Brake  in I,  204 

European  Railways,  Construction  of II,    26 

Cost  of Ill,  163,  164 

"  "  Operation  of II,    26 

Safety  of 11,    26 

Eurj-alus XI,    91 

Evaporation  in  Locomotive  Boilers I,    73 

Evolution,  Man*s— How  Shown I,  296 

of  Cars    1,166 

"    Labor 11,32-56 

"    Man XI,  9,  10.  39 

"    Money XI,    13 
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Evolution  of  Propertj^     XI,      0 

"     Railroads I,  230 ;  111,  109-122 

"  "    the  Alternating  Current  Motor I,  445 

"      "    Brake 1,291-314 

"      "    Car  Seat 1,  186, 187 

"  "      "     Coal  Burner  Smokestack— /??i<sfraa"on,. I,    69 

"  ''      "    Locomotive 1,15,45,529 

"      "    Rail...1, 163-164;  II,  212;  111,126,175-178,  204 

"      "    Railway  Motor 1,472 

"      ''    Wheel IV,  187-195 

^'    Track 111,174-205 

"  "     Transportation I,  159;  III,  109 

'^    Vehicles 1,156 

Examination  of  Engineers IV,  50,    51 

"  "  Station  Accounts.    IX,  80,    81 

"  Trainmen IV,  304,  305 

Examinations  for  Color  Blindness IV,  240-2 J3 

"  Necessity  of — in  Train  Service IV,    19 

"  Station— by  Traveling  Auditors 

IX,  226-231,  236-240,  248,  284-286 

Examiners,  Medical — Relief  Department X,  301,  312 

Excess  Baggage V,  371 

Billing V,  478-493,  495 

Charges  for V,  62,    63 

Checking V,  442,  443 

"  "  Coupons V,  475,  476,  495 

"  "  Devices  of  Passengers  to  Escape  Charges  for 

V,  460,  461 

"            "          Difficulty  of  Collecting  Charges  on... V,  458,  459 
"•            "          Forwarded   by  Freight  Trains — Rules  Gov- 
erning  V,  501,  502 

Forwarding ...V,  494-502 

Interline  Returns  of V,  482 

Money  Coupon  Tickets. .V,  471,  472,  476,  477,  495 

"  "  Monthh^  Returns  of — Rules  Governing 

V,  507-512 

Rates V,  458 

Receiving V,  602,  503 

Revenue V,  455,457,  460 

Accounting  for V,  506-514 

Collection  of V,  462-477 

Rules  Governing V,  494-505 

Tickets V,  509 

Use  of V,  471-477 

Traffic V,  454-461 

Form  of  Release  for V,  443 

—Interline V,  465 

"  "         —in  the  United  States.. 

V,  487,  488 

"  "       Local V,  465,  466 
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Excess  Baggage  TrafTie.  Organization  of V,  4G9 

Way  Bills V,  449,  450, 

486,  487,  489.  495,  49G,  501,  502,  504 

"    —Austrian V,  493 

"       Fares,  Collection  of V,  192, 193.  190 

"      Kefundsof V,  196 

"Exchange" YII,  462 

Exchange.  Accounting  for .X,  180 

Checks.  Mileage V.  211 

Orders V,  205 

Excursion  Card  Tickets Y,    95 

Tickets V,  92,  99, 107-111 

Auditing X,  125,  126 

English V,  239 

TrafHc Y,  108,  110 

Excursions II,  250 

*■'  Announcements  of Y,n5.  116 

"  Organizing  and  Promoting Y,  113 

Executive,  Chief— Duties  of .' 11,143,  150,  151 

"    —Influence  of II,    81 

"    —Titles  of 11.143 

Department II,  138 

Officers.  Duties  of II.  74.  75,  132 

Exemptions  of  Carriers YI,  283-293 

Exhaust  Connection.  Pump — Illustration^  Plate  I. I,  58-59 

"         Xozzle — Illustration I,    65 

"         Pipe,  Air  V\\m]i— Illustration,  Plate  I I,  58-59 

"        ^OTt-Illustrations,  \  ^^«^^  ^ I' ^8-59 

Process  of  Conveyance I,  274 

"        Steam  Pipe — Illustration I,  539 

Triple  Yalve I.  327 

Exhibits,  Daih' — of  Passenger  Earnings Y,  156-158 

Fixed— of  Railways X,    62 

Railway \ X,  145 

—Governmental X.  43,    44 

Yaliie  of YII,  233 

Expanding  Generator  Coi\—IlluHtration^  Plate  II 1, 116-117 

Expansion  Link — Illustration^  Plate  I I,  58-59 

F&a— Illustration,  Plate  I I,  5S-59 

Expenditure,  Limit  of — for  Safety  Appliances Ill,    38 

Expenditures YII,  227-532 

Classification  of Yl  1. 311-315 ;  X,    32 

Construction 11,187.  188;  111,137;  YIII,  293 

"  "  —Capitalization  of . . . ." Ill,    76 

"  "  Interest  of  the  Community  in..  Ill,  166 

"  Constructive '. III,  418 

*'  for  Improvements II,  189 

Growth  of Ill,  413 

"  Organization III.  414 
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"  Eelation  of— to  Capitalization VIII,  193 

''   Traffic  to III.  413-426 

"  Temporary VII,  525 

Expense.  Between  Dynamo  and  Car I,  451 

Bill  (See  also  'Treight  Bill") VI,  197 

Expenses,  Classification  of VII.  381 

"  Common — Apportioning VII,  502,  511 

"  Comparison  of II,  109 

"  Current— Charging X,  29,    30 

"  Division  of X,    30 

"  Fixed— Meaning  of  the  Term Ill,  413 

'^       Operating 111,413-426 

General VII,  495-497,  523,  524 

"  Influences  of  Traffic  on Ill,  419-421 

Notarial— Cost  of Ill,  156 

"  Operating II,  109;  VIII,  293 

"  "         — Apportionment  of,  as  Between  Passen- 

ger and  Freight  Business.  . .  .X,  154-175 

"  "         — Apportionment  of,  to  Divisions 

VII,  500-524 

"  "         —Charges  to.. VII,  456 

"  "         —Definition  of X,  179 

"  "         —Official  Classification  of VII,  472-499 

"  "         —Reduction  of II,    27 
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tricity.  I,  515 

—Value  of  Classification  of X,  142-147 

"  "         —What  They  Include X,    62 

"  Relation  of — to  Earnings Ill,    57 

"  Separation  of  Natural  and  Traffic Ill,  292 

Terminal III.  409-411 

"  Track— Chargeable  to  Traffic Ill,  285-292 

"  "      —Classification  of  Ill,  287,  288 

*'  "     — Relation  Various  Items  Bear  to  the  Total 

Ill,  491 

Train Ill,  414,  415 

Vouchers  for VIII,  435;  IX,  368 

Expensing,  Express  Traffic V,  544,  545 

Experience,  Information  Afforded  by I,  283 

Necessity  of II,  20;  IV,  50;  IX,    30 

"  of  the  Author  in  Electrical  Matters I,  389 

Practical 1,117 

Value  of II,    91 

Wantof II,  110 

"  Wisdom  Acquired  by Ill,  63,    64 

"Experiment,"  Locomotive I,  45,    50 

"  1832.    The  First  Engine  in  America  with  a 

Four-Wheeled  Bogie— lUnstration I,    50 

Experiments — During  Early  History  of  Railroads I.  168 
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Explanation  of  a  Popular  Form  of  Automatic  Air  Brake..  .1,  538 

Explosives,  Use  of — by  Kailways VII,  214 

Express  Accounts V,  541 

"        Agencies.  Classification  of Ym,  541 

"         and  Mail  Service V,  515-563 

"         Business.  Relation  of — to  Ba^^gage V,  304 

Revenue  From V,  304 

"         Cars,  in  Passenger  Trains IV,  379 

"         Charges,  Collection  of V,  523 

"         Companies.  Advantages  of V,  527,  528 

Methods  of V,  537-551 

"  "  Rates  Exacted  of— in  United  States  .  .V,  521 

"      of V,  533-536 

"  "  Relation  of— to  Community V,  530,  531 

"         Earnings.  Definition  of X,  178 

"         Locomotive,  Italian — Illustration I,  129 

"  "  of  Chemins  de  fer  de  FEtat  Beige — 

Illustration I,  128 

Messengers V,  518,  519,  539,  540 

"        Packages,  Unclaimed \^,  346 

"         Sending  Money  by X,  265 

"         Service.  Beginning  of XI,  151 

"  "         in  United  States V,  537-551 

"         Settlements V,  550,  551 

Traffic V,  468,  517-536;  VI,      9 

"  "       Expenses  Attending V,  526,  527 

Way  Bills V,  543,  544 

Extension  End  of  Boiler — Illustration I,     98 

*'  Front — Illustration^  Plate  I I,  58-59 

Extensions,  Construction  of II,  211 

Extra  Hose — Instructions  to  Enginemeu I,  321 

"Trainmen 1,328 

"       Train— Meaning  of  Term IV,  317 

"       Trains IV.  352,  353 

Extras  Book,  English V,  249 

Extravagance,  Effect  of Ill,  124 

"  in  Construction Ill,  151 

Eye  Bolt,  Check  Qhain— Illustration,  Plate  II I,  116-117 

Eyesight.  Defective IV,  224-243 


Face  Plate  Bwf^ev^— Illustration,  Plate  II 1, 116-117 

"        "      D[ii\:)hri\o:m— Illustration,  Plate  II 1, 116-117 

''        "      Inner— Illustration.  Plate  II 1,116-117 

"         "       IletRUuno;  Chain— Illustration^  Plate  II  , .  .1,  116-117 

Facilities,  Conformity  of— to  Public  Needs I,  201 

"  Effect  of— on  Cost  of  Operating. Ill,  427-432 

"  for  Care  and  Maintenance  of  Rolling  Stock I,  238 

"  Natural — Differences  in I,  121 

30  vol  IS 
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Facilities  of  Shops I,  285 

Power I,  262 

"         Station Ill,  410,  411 

"         Terminal— Cost  of 111,409 

Faciug,  Deck  ^iW—Illustration,  Plate  II I,  116-117 

"        Machines I,  262 

Faculties,  Decay  of II,    22 

Failures,  Air  Brake— Cause  of I,  375,  376 

Fair,  Institution  of XI,    72 

"    Tickets V,  92,  107 

Fairs,  Ancient XI,  132 

"      Notice  of— to  Officials V,  113 

Faithfulness, Kecognition  of — in  Corporate  Life II,    19 

Falling  Water I,  393 

Fang  Bolts Ill,  197,  198 

Faraday IV,  176 

Fare,  Third  Class— in  England I,  169 

Fares,  Cash— Collection  of V,  181,  182 

Rules  Governing V,  194,  198 

"        Collecting  on  Waybills V,  153-156 

Collection  of— by  Conductors IX,  118,  119 

"    —in  England Y,182-188 

"    —on  Freight  Trains V,  151-156 

Excess— Collection  of V,  192,  193,  196 

"      —Refunds  of  V,  196 

"        Passenger — Collected  on  Freight  Trains VI,  317 

"        Payment  of — to  Conductors ...    V,  118 

"        Schedules  of — Regulations  Governing VI,  42-48 

Fascia  Board — Illustration,  Plate  II 1, 116-117 

"      InsiaeCornice— IIU(  St  ration,  Plate  II..    ..1,116-117 

"       End— Illustration,  Plate  III 1, 170-171 

Side— Illustration,  Plate  ITI I,  170-171 

Fast  Freight  Lines VI,  49,  75,    76 

Fastening,  Freight  Car  Door — Illustrations I,  181 

Fastenings,  Rail Ill,  197,  198 

Track Ill,  328-334,  341 

Faucet,  Water  Cooler — Illustration,  Plate  II 1, 116-117 

Favoritism II,  31 ;  VI,    72 

Fawcett,  Professor  Ilenrv VII,     12 

Feed  Door— lUust rati oii.  Plate  II.   1, 116-117 

"     liana\e— Illustration,  Plate  II 1, 116-117 

"      ■Pi^e—Illustratioji.  Plate  I I,  58-59 

"      Hanger— Illustration.  Plate  I.   I,  58-59 

"      ILose— Illustration,  Plate  I I,  58-59 

"         "      Injector — Illustration I,    60 

"      'Port^— Illustrations I,  341,  344 

"     Purchase  of VII,  337,  338 

"      Valve  Attachment I,  349 

—Illustration 1,351 

"      Valves I,  313.  365 
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Feeder.  Booster  on  l^ong— Illustration 1,  433 

Feeder,  Panel I,  461 

Feeders I.  431-433,  435,  43(3,  4G2,  463,  488 

Trolley  Circuit  Supplied  by— Illustration I,  433 

Feeding,  Direct I,  431-434 

Feeds,  Automatic 1 ,  259 

Fence,  Barbed  Wire— Illustration HI,  341 

Fences 111,256,  352 

"Fences" VII,  462 

Fences  Between  Tracks lY,  121 

Cost  of  Keeping  in  Order HI,  422,  423 

Eftect  of— on  Cost  of  Operation III.  392 

"        Maintenance  of Ill,  300 

Snow— Use  of HI,  302-305 

Supplies  for VII,  111,  112 

Fenton,  Murray  &  Company I.    32 

Fernow,  B.  E Ill,  350,  370,  373-375 

Ferriage,  Record  of  Cash  Collected  for VI,  220,  221 

Fertilizing  Matter,  Cars  for  Handling I,  224 

Fetes,  Xotice  of— to  Officials V,  113 

Fever,  Typhoid I.  181 

"Fiat"  Money Ill,    17 

Fidelity  of  Officers  and  Employes — Its  Value II,    63 

Field  Coil  for  Railway  '^lotOT— Illustration I,  472 

"      Magnetic I,  399,  405-407 

"  "        — Increasing  the  Strength  of I,  400 

"     Poles 1,406,  408 

"      Strength— How  Limited I,  427,  428 

"      Winding,  in  Booster  System. I,  435 

Filament,  Lamp I,  399 

Filings,  Iron I,  399,  400 

Filler,  Water  T?i\\\^— Illustration^  Plate  II I,  llG-117 

Filling  Fm\ne\— Illustration.  Plate  II 1, 116-117 

Pipe— Illustration,  Plate  II. 1, 116-117 

Valve  Cover— Illustration,  Plate  II I,  116-117 

Fills Ill,  225 

Finance  Committee ^ II,  131 

Finances,  Local T II,  285 

"         Management  of Ill,      7 

Financial  Department II,  137 

•*  Discipline  in IX.    33 

Financing Ill,  5-105 

Findlay,  Colonel .  .II.  15,  207,  209 ;  III,  139,  307  ;  IV,  78,  79.  87,    94 

Fines IV,  24,  30-32 

"      Enforcement  of VII,  368 

"      for  Misrepresenting  Freight VI,     25 

Mail  Service V,  557-559 

Fire,  Agents'  Reputed  I^osses  by IX,  245 

"    Basket,  Early  lEufrhsh— Illustration .1,    57 

—The  First  Headlight I,    57 
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Fire  Box 1,71,  96,    97 

,,        ,,         rii     i     f         {  Plate  I 1,68-59 

"         "     — Illustrations^  j  T      rft 

"        "    and  Tank  Arrangement  for  the  Use  of  Oil  as  Fuel, 

Section  Showint^ — Illustration \\  101 

"    Area  of 1,    68 

"    "Belpaire" 1,    75 

"        "     Consumption  of  Gases  in I,    99 

"     Crown  Bar 1,75,    97 

"        "    Double — The  First  on  a  Locomotive I,    49 

"        "     Inside  Shell  oi— Illustrations I,  67,    98 

"        "     0\\t&\(\Q  ^\iq\{  ol— Illustration I,    67 

"    Radial  Stay  Type  of I,    75 

"    Severity  of  Oil  on 1,104 

"    Claims  for  Damage  by 11,232 

"    Destruction  of  Offices  by IX,  342 

"    Door — Illustrations^  -j       "  ^     V   ' .    ~gg 

"    First  Use  of .'.  \  \'...'.'.  ^  I' '. IV,  150'  151 

"    Locomotive — How  Regulated I,    70 

"    Origin  of IV,  146 

"    Fot— Illustration,  Plate  II 1, 116-117 

"    Precautions  Against — at  Construction  Depots.   ...VII,  194 

—in  Oil  Houses Vll,  124 

"    Protection  of  Trains  from IV,  363 

"     Sacredness  of — to  Primitive  Peoples IV,  146-149 

"    Worship  of I,  104 

Fires Ill,  27 1 

"      Damage  Caused  by Ill,  300 

"      Precautions  Against , VII,  294 

Firearms,  Use  of — by  Railways VII,  214 

Fireman,  The IV,  40-51 

Firemen.  II,  200 

'*        A  Concise  and  Specific  Account  of  the  Duties  of 
Engineers  and  Firemen  in  Connection  with  the 

Operation  of  Locomotives,  see Vol.  XII 

Influence  of — on  Consumption  of  Fuel VII,  173 

Practical  Knowledge  of  Fuel  of VII,  170 

Requirements  of IV,  49,     50 

Rules  Governing IV,  428-430 

Wages  of VII,  365 

Firing  a  Locomotive,  Systems  of I,  97,  also  Vol.  XII 

"      —Banking  System IV,    43 

"      Scientific I,    70 

"      —Spreading  System I,  99;  IV,     43 

Firms,  Vouchers  in  Favor  of VII,  435 

First  Carriage  Builder,  the I>  132 

"     Distinctive  Freight  Engine.     The   "Traveler,"    1832— 

Ilhistration 1,    38 
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First  Electric  Railway I,  520 

"     Freight  Car 1 ,  204 

"     Passenger  Mogul,  1876 — An  Engine  with  Six  Drivers 

and  a  Bogie  Truck— //?"s/m^/oM I,     46 

"     Rail  Rolled   in  America,  Baltimore  &  Ohio  Railroad — 

Illustration Ill,  233 

"     Railway  Train  in  the  World— Trevithick's  Engine,  1803 

— Illustration 1,     20 

"     Ten-Wheeled   Passenger  Engine,  "Thatcher  Perkins," 

1863 — Illustration. I,    45 

"     Truck  Engine,  "Brother  Jonsithan,'' 1832— Illustration. 

I,     34 

Fiscal  Affairs,  Collection  of  Revenue IX 

Expenditures VII,  227-532 

"  "        General— Methods  of  Handling X,    60 

of  Agents IX,  219-249 

"  English  Railways VI,  318-333 

"  '•        Principles  and  Methods  Governing VI,  77-92 

"       Data,  Value  of VII,  233,  234 

"       Duties  of  Agents  and  Conductors IX,  293-434 

Fish  Bolts Ill,  181 

"     Carriage  of V,  519 

"     Commission,  Transportation  for V,  144 

"     Plates,  Introduction  of Ill,  181 

Styles  of Ill,  182 

Fitness,  Emploves' — Test  of IV,  331 

Fitting,  Angle— Illustration,  Plate  II. I,  116-117 

Tee— Illustration,  Plate  II I,  116-117 

Fixed  Charges — Meaning  of  the  Term III.  413 

"      Expenses — Meaning  of  the  Term Ill,  413 

"      Operating  Expenses 111,413-426 

"      Signals,  at  Train  Order  Offices IV,  391 

First  Forms  of IV,  246 
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Fly-wheel I,  455 


GENERAL  INDEX.  141 

PAGE 

Fog  Signaling,  in  England IV,  271,  272 

Folders V,  115 

Follower  Center  Stem— Illustration,  Plate  II 1,116-117 
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"    How  Supplied  to  Locomotives I,  108 

"    Influence  of— On  Cost  of  Operation Ill,  394 

"    Inspectors  of VII,    94 

-Returns  of VII,  330 

"    Inventories VII,  347,  348 

"    Kindsof VII,  162-176 
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Fuel.  Liabilities  for • •  • -X,    61 

''    Liquid— Its  Advantages  Over  Other  Forms I,  102,  103 

"    Loading  Locomotives  With   IV,  428 

"    Locomotive— Use  of  Oil  as 1,104,  105 

'•      LoSSOf ^"'lln 

"     Oil  Burner— II liLstration 1,  102 

"    Purchase  of VII,  84,  176 

"    Quantitv  Carried  in  Tender I,  106 

"    Records  of VII,  330,  331 

"    Report,  General VII,  333,  334 

"     Requisitions  for VII.  85,  1^6 

"    Returns  for VII,  332-336 

"  "  —of  Receipts  and  Disbursements  of VII,    84 

''    Sale  of VII,  418 

''Fuel  Stations" VII,  4o9 

Fuel,  Stock  of VII,  85,  ItQ 

"    Supplies    1,2/3 

"     Tickets VII,  334.  33o 

"     Train — Meaning  of  Term l^S  324 

"     Trains IV,  374 

"    Use  of VII,  162-176 

"      "      "  —in  Compound  Engines I,  46,    47 

u       u      "  Wood  for VII,  163 

''    Utility  of  Different  Kinds  of VII,  162-176 

"    Vouchers  for X,  84,     92 

"    AVaste  of VII,  172,  173 

"    Waybilling VII,  329 

Fulcrum ^^  1^0 

Bolt,  Gravity  Bar— Illustration,  Plate  II. 1, 1 16-117 

"        Brake  J. ever— Illustration,  Plate  III 1, 170-171 

Center  Brake  Beam— Illustration,  Plate  II  . .  .1, 116-117 

"        Floating  J.e\er— Illustration.  Plate  III. 1, 170-171 

Inside  Brake  Beam— Illustration.  Plate  II.  ...  1, 116-117 
Outside  Brake  Beam— Illustration,  Plate  II. .  .1, 116-117 

"        to  Equalizer—  Illustration I,    60 

"        Truck  'Leyer— Illustration^  Plate  II 1, 116-117 

Fulton,  Robert XI,  511 

Function  of  Electricity I.  396 

Fund,  Reserve 111,461,  402 

"      Working 11,189 

Funds,  Accident  Insurance— In  Germany X,  345-347 

"       Assistance— Italian X,  349,  350 

"       "Conscience" IX,  286,  287 

"       Custodian  of X,  258 

"       Custody  of II,  186 

"       Distress II.    ^0 

"       Emploves'  Guarantv IX,  170,  353-355 

"       Hospital    : X,312,313 

"       Pension X,  321-323 

-French X,  329-345 
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Funds,  Pension— in  Great  Britain X,  326-328 

* India X,  350-352 

—Italian X,  347-349 

"       Kelief— Sickness,  Accident  and  Death X,  298-309 

"       Safe^uardino^ IX,  298 

Savino-s X,  313-320 

"       Sinking II,  137,  191 

"  "        —Accounting  for VII,  434,  449-452 

—Particulars  of 111,101-105 

"       Superannuation II.  00;  X,  326 

AVorkiug— Agents' IX,  180,  265.  329,  332-334 

—Conductors' IX,  182 

Funded  Debt Ill,    92 

Funnel,  FWWwg— Illustration^  Plate  II J  116-117 

Sand I,  103 

Funnels I,  243 

Furnace I,  255 

"        Oil— for  Annealing I,  256 

Furnaces,  Brass  Melting I,  257 

Heating I,  258,  263 

Scrap I,  255 

Furniture,  Wear  and  Tear  of Ill,  299 

Furring,  Sheathing— iZ?i's/rafion,,  Plate  II 1, 116-117 

Side  Door— Illustration,  Plate  III ],  170-171 

Furs,  Carriage  of V,  519 

Fusees,  Use  of IV,  342,  352,  360,  403 


Gadsden,  J.  S IV,    28 

Galloway  &  Company I,    32 

Galvanic  Battery,  Production  of  Light  from IV,  175 

Game,  Carriage  of V,  519 

Gang,  Boiler  Trimming I,  286 

"      Driving  Box I,  286 

"      for  Changing  Rails  on  Sunday Ill,  343 

"      Foremen I,  265,  276;  III,  259 

"      Guide 1 ,  286 

"      Steam  Pipe 1,286 

"      Valve— Work  in  Charge  of 1, 285,  286 

"      Wheel I,  286 

Gangs,  Section Ill,  238 

"       Track  Laying Ill,  209 

Ganger — Meaning  of  Term IV,  315 

Ganges XI,     54 

Garden  Truck,  Cars  for  Handling I,  224 

Garnishments    VII,  385.  387,388,  403,  409 ;  IX,  401-403 

Gas  Bills X,  285 

"       "      Payment  of VII,441;IX,  403 

"       "      Remittins: IX,  425 

"    Cock,  ^Inm—Ilhistration,  Plate  II. I,  116-1 17 
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Gas  Holder— /^??<sfm^?o?i,  Plate  II I,  ii6_i  17 

"  "        Supports — Illustration,  Plate  II I,  116-117 

"    Lamp,  Bracket — Illustration^  Plate  II 1, 116-117 

"Gas  Making  Plants" Vll,  462 

Gas  Pipe  B.anorers—Ilhistration^  Plate  II 1,  ll(j-ii7 

"    Plant,  Keservoir  in  a I,  438 

"    Use  of — for  Heating  Cars  in  Europe V,  235 

''      "     "      "      Lighting  Cars IV,  173, 174,  181 

"    Waj' — Illustration^  Plate  II I  116-117 

"    Wells I,  104 

Gases,  Consumption  of — In  Fire  Box I,    99 

Gaskets I,  324 

Metallic 1,381 

"        Paper J,  371 

Work 1,371,375 

Gasoline  Carbureters,  Use  of — for  Lighting  Cars IV,  183 

"        Use  of — for  Lighting  Cars IV.  181 

Gate  Fla,tform— Illustration^  Plate  II I^  116-117 

"      Signals IV,  254 

Gates,  Cost  of  Keeping  in  Order , Ill,  422,  423 

"      on  Car  Platforms IV,  121 

Gatemen,  English — Wages  of IV,  453 

Gauge,  Adopted  in  India Ill,  193 

Air 1,315,336 

"  "    — Illustration^  Plate  1 1    58-59 

"    —Duplex .'."..'  .'.I,  349 

"  "  "        — Illustration I,  316 

"  "    Pressure — Illustration I^  539 

"        American  Standard   I,  402 

"        Brown  &  Sharpe I,  402 

"        Car — Illustration^  Plate  II I  116-117 

"       Cocks.  ...I,    80 

"  "     — Illustrations^  Plate  I 1,58-59    64 

"        Device  for  ('hanging  Trucks  from  Narrow  to  Wide, 

and  vice  versa — Illustratioji I^  203 

"        Lamp — Illustration^  folate  I I    58-59 

Measurement  of 111,194 

of  Primitive  Vehicles Ill,  190 

"    the  Line 111,190 

"       Railroad — Controversy  over I,  35,  36,    37 

Steam I,    82 

"  "        — Illustration,  Plate  I I,  58-59 

•'  "        — E:s.teTior  of— Illustration I,    83 

"  "        — Interior  of — Illustration I,    82 

the  Narrowest Ill,  191,  192 

"    Standard I,  36,  38;  III,  190,  193.  194 

"    Widest  Ever  Used 111,191 

Track IV,  211 

"  "      — Illustration Ill,  331 

Water I,    80 
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Gauge,  Water— Illustration I,    64 

Wheel IV,  211 

Gauges,  Battle  of T,  36,  37;  III,  192 

of  Different  Countries Ill,  194 

"        Eailway — That  Have  Been  Used  in  Different  Coun- 
tries   Ill,  494 

Uniformity  in..    111,193 

Gauging r  a . .  Ill,  211 

Gear,  Keversing I,    49 

"  "  —End  View  of— Illustration I,    90 

"  "  — Engineer's  Lever  in  Connection   with — 

Illustration I,     91 

"  "  —Sh]e\iew  of— Illustration I,     90 

Geared  Motors 1,470,  471 

Gearing  of  Brake    Operated  by  Steam,  France,  1840 — Illus- 
tration  I,  300 

"Motors 1,474 

Gearless  Motors 1,470,  471 

Gears,  Efficiency  of I,  480 

General  Baggage  Agent 11,  139 

Agents,  Association  of V,  488,  491 

Balance  Sheet,  the X,  28, 29, 182-184 

"        Bookkeeper X,    80 

"        Books.  Spreading  Accounts  on X,  63-69 

Cash  Book X,  139-141 

Cashier,  the X,  260,  261 

"        Characteristics  of  tlie  Alternating  Current  System.. 

1,441-443 

—Transmission 1,412,413,414 

Claim  Agents,  Eelief  Vouchers  Made  by IX,  372 

Counsel 11,138 

Distribution  of  Labor  Book VII,  382-385,  537 

"  Material  Book VI I,  31 5-320 

Expenses VII,  495-497,523,  524 

Fiscal  Affairs X,9-184 

and  Other  Affairs X 

Fuel  Report VII,  333,  334 

Foreman 1,264,271,  277 

FreightAgeut 11,138 

''  "  "       Correspondence  of II,  244 

"       Duties  of 11,241-249 

"       Knowledge  of 11,246,247 

"        Instructions  to  Car  Inspectors 1, 330-333 

"                  "             "  Engine  House  Foremen  and  Inspec- 
tors  I,  328,  329 

"  Trainmen T,  321-328 

Journals X,  77-79,    81 

Laborers I,  286 

"        Land  Office,  Transportation  for V,  144 

Ledger X,  70-76 
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General  Manager.    (See  also  "Chief  Manager'O  •  •  -H,  58, 153-176 

"  ''         Advisers  of •  •  •  •  -j^^-  |:^^ 

''         Characteristics  of 11»  l^^*  1^* 

"         Coadjutors  of •  •  •  •  J\-  155 

''  "         Correspondence  of 11,156-101 

«  "         Duties  of 11?  157, 158, 161,  164 

"         Forbearance  of 11>  202 

Meaning  of  Title Iv  ]ii 

"  "         Motives  of 11,  154 

Relation  " —to  Construction  Work. ..... 

ii  «  "        "       "  Directors  and  Owners.. 

II,  155 

M                «                     "        ''        "  Division     Superintend- 
ent... .    II,  199 

"  **  "        "       "•  Subordinates 

II,  155,156,  162 

Scopeof 11,173,174 

Titlesof 11,153;  VII,  250 

"        Master  Mechanic 1^  ''^** 

"        Meetin  o"S 1' 

"General  Office  Expenses  and  Supplies" VII,  496,  524 

General  Officers H^^^  11 ' 

Orders,  Issuing •  ••  •  •  •  •  •  •  •  •  1-V    4i 

"        Passenger  Agent 11,139,   V,  bO,    »i 

"  "  "        Characteristics  of 11,256,257 

Repair  Shops I^  248,  270 

Storehouse •  •  •  1-  ^2^ 

Storekeeper ^11^     'I 

Duties  of VII,    88 

"  "  Inspections  by VII,    82 

'"  "  Requisitions  on VII,     79 

"        Superintendent 11^  J^? 

Scopeof 11,174,1/0 

Ticket  Agent II,  139;  V,  79,    80 

"  "      and  Passenger  Agents II,  249-2oJ 

"  "      Agent,  Characteristics  of H'  254 

"  "      Agents'  Association V,    j9 

Time  Book "^^^^'^{2,373 

Traffic  Manager ^-  •  -l^'  1'^^ 

"        Traveling  Auditors,  Duties  of IX,  2/6,  277 

Generation  of  Power,  in  Booster  System ;J;  1S 

Generator,  The I,  421,  4o6-462 

Alternating  Current 1 .  440,  45ii 

"  Baltimore  &  Ohio  Railroad,   (500  Kilowatt)— ii- 

lustration 1.  497 

"          Coil,  ^xparnVm^— Illustrations,  Plate  II. .  .1,  116-117 
"^          Direct  Connected  to  Vertical  Engine.     Brooklyn 
Bridge  Power  Plant,  (400   Kilowatt)— iZ^us. 
tration I?  456 
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Generator,  Direct  Current  .    I,  42G,  440,  452 

"  Driven  by  ;i  Vertical  Engine — Metropolitan  West 

Side    Railwaj%    Chicag^o,    (1500    Kilowatt)  — 

Illustration T,  394 

"  Electric    1,396 

"  Engine  Type  Railway — Armature  of,  Showing 
Winding  Connected  to  Commutator — Illus- 
tration  I,  458 

*'  Hestonville,  Mantau  &  Fairmount  Passenger  Rail- 
road, (4C0  K\\ow2iti)— Illustration 1,  506 

"  in  Motion,  (800  Kilo'W'ditt)— Illustration  . .    I,  459 

"  Panel I,  460 

"  Railway,  (800  ¥A\ow2itt)— Illustration 1 ,  508 

*'  Railway  —Engine  Type I,  456-458 

"  Two-Phase  Alternating  Current,  (650  Kilowatt) 

— Illustration , 1 ,  500 

Generators  Alternating  Current I,  449 

"  Connected  to  Horizontal  Engines  North  and 
West  Chicago  Railway,  (800  Kilowatt) — Illus- 
tration   I,  428 

"  Current  Supplied  by 1,  431 

"  Railway — Illustration I,  522 

"  Station I,  431 

"George  W.  Johnson''  Locomotive  1830 — The  First  with  a 

Double  Fire  Box I,    49 

"George  W.  Johnson"  Locomotive,  1830 — The  First  with   a 

Double  Fire  Box — Illustration I,    49 

Georgia,  Central  Railroad  of VI,     20 

"        Railway  Taxation  in Ill,  450,  451 

German  Beer  Car— Illustration 1 ,  186 

Box  C^r—Illustraiion I,  184 

"        First  Class  Passenger  C?iv— Illustration I,  214 

"        Rapid  Transit  Passenger  Locomotive,  with  Belpaire 
Type  of  Fire   Box — Warschau-Wien   Railroad 

—Illustration I,  131 

Germans,  Influence  of — on  Manufactures I,  128 

Germany, Baggage  Allowed  in V,  288 

"  Bogie  Cars  in 1 ,  171 

"  Breakage  of  Wheels  in IV,  221 

"  Builders  of I,  152 

"  Coaches  in I,  203 

"  Fourth  Class  Passengers  in V,     25 

Gauge  Used  in Ill,  194 

"  Government  Management  in Vli/,  247,  261 

Supervision  in 111,48,    49 

*  Grade  Crossings  in IV,  132,  133 

Heating  Cars  in V.  233-235 

"  — Its  Primitive  Associations  and  Means  of  Carriage 

XI,  459-462 

*  Manufacturers  of 1,128,  129 


GENERAL  INDEX.  165 

PAGE 

Germany,  Passenger  Service  in V,  229-232 

Practices  in VIII,  83,    85 

"  — Primitive  Carriage  in — Illustrations XI,  459-462 

"  Primitive  Wheel  from— Illustration IV,  192 

"         Railway  Accidents  in IV,  129 

"  Relief  Departments  in X,  345-347 

"  Saxon  State  Railways  of— Freight  Cars  of I,  121 

Status  of  Railways  in Ill,  48,  49 ;  VII,  332 

"  Use  of  Metal  Ties  in Ill,  377,  378 

Vestibule  Car  in 1,204 

Gibbs.  George IV,  178 

Giff  ard,  H.  J I,    54 

Girder  Rail I,  4G2 

Girls,  Destruction  of XI.    G9 

Girt  Corner  Iron— Illustration,  Plate  III 1, 170-171 

Girts,  i:m]— Illustration^  Plate  III. 1, 170-171 

Si(]e— Illustration,  Plate  III 1, 170  171 

Glacial  Epoch,  the XI,    58 

Gladstone IX,    17 

Glasgow I,    44 

"        &  Garnkirk  Railway — Opening  of I,    31 

Glass,  Austrian  Box  Car  for  Transportation  of — Illustration, 

I,  185 

"       Bowl— niustrat ion,  Plate  II. 1, 116-117 

"      Dome— Illustration,  Plate  II 1, 116-117 

"      in  Door,  yestihule— Illustration,  Plate  II 1, 116-117 

"      or  Tumbler,  ^S'ater— Illustration,  Plate  II 1, 116-117 

"       Stained— Carriage  of X,  519 

"       Wiudow— Illustration,  Plate  II. ; . . . 1, 116-117 

Glohe—Ilhistration.  Plate  II 1, 116-117 

"      Yio\a%v— Illustration,  Plate  II 1, 116-117 

Glue,  Use  of— by  Railways VII,  212 

Go  Ahead  Eccentric — Illustration.  Plate  I I,  58-59 

ConnectXon— Illustration,  Plate  I 1,58-59 

"  "  -Rod— Illustration,  Plate  I I,  58-59 

"  "  "  StTa.p—Ilhi8tration,  Plate  I. I,  58-59 

Gold Ill,  7,      8 

"      Earlv  Use  of— for  Money XI,  128 

"     Existence  of XI,    73 

"     Leaf,  Use  of— bv  Railways VII,  209 

"     Ratio  of— to  Silver 111,12,    13 

"      —the  Standard  of  Money XI,    13 

"      Transportation  of V,  519 

"Goliath  "  Locomotive I,    31 

Gondola  Car L  207 

"    Standard  American— ///;^s>/m//on I,  160 

"  "    Victorian  BaUway— Illustration I,  156 

"  Oy>en'u\^—Illustraiioh I.    98 

Gong I,  HI,  112 

Goocb,  Sir  Daniel  M X,  164 
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Goods  (See  also  "Freight.") 

Agent,  Eno-lish 11,  208 

and  Mineral  Audit  Office—English VI,  329-331 

Associations  for  Inspecting  and  Weighing YI,    24 

Car.     (See  also  "Freight  Car."*) 

"        AustTian— Illustration I,  184 

"        in  Great  Britain I,    31 

"        Perishable— New  South  Vt^'sdes— Illustration.  ..I,  188 

Classification  of II,  241 

Department— English  Railways VI,  318-323 

Engine,  Twin — Neilson's— Scotland — Illustration. .  .1,  125 
Locomotive,  Consolidation — New  South  Wales — Illus. 

tration I,  128 

Manager,  English II,  246 

Managers,  District— English II,  208 

Miscellaneous — Manufacture  of I,  138 

Protection  of — On  Freight  Cars I,  204 

Sale  of I,  125 

Train — Meaning  of  Term IV,  447 

Trains  in  Great  Britain I,    63 

Government,  Absence  of XI,  130 

Autocratic H,  38,  124, 134;  XI,    43 

Carthaginian — Basis  of XI.  145 

Civilized XI,  130 

Claims  Against  the VI,  276-279 

Commissioners Ill,    46 

Control VIII,  12,  161.  217,  227 

"         Costof III.  57,    58 

"         Effect  of VIII,  12,  13,  217.  256 

"         Objections  to VII,  11,    12 

"         Practices  of— in  England VIII,  227 

"         Reasons  for VIII.  249 

Scope  of VIII,    70 

"         — When  Xecessarj^ VIII,  255 

Corporate — Autocracv  in II.  132,  148 

Dutv  of— Toward  Railways VIII,  195 

Effect  of  Interference  of VIII,  12.  210 

Employes V.  320 

Characteristics  of VIII,  218 

Forms  of II,    44 

Freight. VI,  279-283 

French— Its  Attitude  Toward  Railways .  .Ill,  46,    A1 

Good— Upon  What  Dependent II,  122-127 

Interest  of — in  Transportation  Matters  .   ...II,  238 
Interference. .  .VIII,  56,  57, 65, 101,  133, 218,  229,  239 

Advocates  of VIII,  222 

Grounds  for VIII,    67 

"  in  the  United  States Ill,    45 

Resultof VIII,    72 

*♦  With  Rates VIII,  193 
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Government,  Local • ;;^I>    29 

"  Manafirement,  Advocates  of v  111,  222 

'^  Basisof VIII,  235 

"  "  Characteristics  of 

YIII,  12,  219,  241,  242,  244 

Effect  on  Rates VIII,  242 

'•  "  Experiences  of VIII,  235 

-A  ''  Objections  to VIII,  221 

"  Reasons  for VIII, 

New  Forms  of XI. 

of  Corporate  Property II, 
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Corporations Hi  281 

"    Labor  Unions H, 

"    Railways II,  136;  IV, 

"    Shops I» 

"    the  Ignited  States— on  What  Based II, 

Officials V,  361, 

Operation  of  Railways  by  the II, 

Ownership m^ 

Characteristics  of VIII,  12,  2 

Disadvantages  of VIIL  253 

Effect  of V,  355 

Experiences  of VIII,  246 

in  United  States VIII,  248 

Reasons  for VIII,  230,  253,  259 

—When  Advisable VIII,  249,  250 

"  Paternal  Form  of II,    60 

''  Prescribing  Accounts  by  the X,    38 

"  Prevention  of  Unnecessary  Roads  by VIII,    200 

"  Principles  of H,  128-140 

''  Proper— How  Secured II.    iv 

"  Relation  of— to  Railway  Mail  Service V,  552-563 

"  Requests  for  Transportation V,  144-146 

"  Servants,  Peculiarities  of VI,  276-279 

"  Service,  Characteristics  of VIII,  238 

"  "        Organization  of— Compared  with  Rail- 

\\a.y  Service II,  122 

Stamp ^^J'  Jo 

Supervision YIII,  65,  227,  2o3 

"  "  Advisability  of Vill,  194 

Best  Form  of VIII,  228 

"  "  Effect  of V,  363-365 

Scope  of VIII,  161,  183. 185,  193 

Value  of VII 1, 194,  225 

"  The  Basis  of ;XI,  137 

"  Transportation  by VIII,     60 

Weak— Its  Effect -VIIJ.    J 

Governmental  Interference ^;x  o\  1; 

—Its  Effect,  on  Railways  . .  .VI,  39-41 
Regulations,  Scope  of  Beneficial A^ 111,  17.    22 

-33  vol  13 
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Governments,  Arbitral}'  Interference  of — Its  Effect.  .TV,  138-140 
"  Intervention  of — in  tlie  Affairs  of  Ilailvvays,V,    18 

"  Obligations  of \lll,    86 

Policy  of Ill,    45 

"  Rules  Prescribed  by— for  Heating  Cars IV,  163 

"  Status  of— Toward  Railways VI,    39 

"  Vouchers  in  Favor  of VII,  435 

Governor — Illustration^  Plate  I I,  58-59 

"        Air  Pressure— Illustration^  Plate  II I,  116-117 

"        Automatic 1,485 

Double I,  356 

Pin  Valve I,  365 

Pump I,  309,  315,  336,  538 

"  "      — Illustration I,  539 

"  "      — Duplex — Illustration 1,355 

"  "      — Improved — Illustration I,  354 

"  "      — Instructions  to  Engine    House   Foremen 

and  Inspectors I.  328 

"      —Operations  of I,  352-356 

Speed I,  455 

TheBest 11,203 

Governors,  Double I,  313 

Grab  Iron  Y.na—IUu si  ration^  Plate  III I,  170-171 

"      Boot— Illustration,  Plate  III I,  170-171 

"      Side— Illustration,  Plate  III I,  170-171 

Grade  Crossings,  Accidents  at IV,  130,  131 

"  "  Trains  Approaching IV,  355 

"      of  Trains— Meaning  of  Term IV,  318 

Grades,  Bettering II,  221 

"        Descending I,  327 

Effect  of— on  Chilled  Wheels IV,  206 

"       "      "    Cost  of  Operation Ill,  392 
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"  ''  Train  Pipe — Illustration,  Plate  III 1, 170-171 

"      Exchano-e  of— bv  Inspectors I?  328 

"      Extra— Instructions  to  Enginemen I,  321 

"  "  "■  "■  Trainmen I,  32b 

"     Feed  Fipe— Illustration,  Plate  I I,  58-59 

"      for  Wasbing  Boilers  and  Filling  Tanks ^\H^ 

"      Bankers— Ilhistration,  Plate  1 1,  5S-o9 

''     Hanging  Up— Instructions  to  Car  Inspectors I,  333 

"  Leaky '^' 

"  of  Brakes  ISTot  in  Use I»  326 

"  Pulling  Apart 1'  3<b 

"  Signal— Armored— -f^?wsfraf^o?l,  Plate  II 1, 116-117 

"  "      Extra ^1  ^■^^ 

"  «      -piy^Q— Illustration,  Plate  I. I,  58-59 

"      Steam— Illustration,  Plate  II 1, 116-117 

"      Testing ^J-,^1^ 

"      Train  Pipe — illustration,  Plate  I I,  58-59 

Hospital  Funds ^'  312,  313 

Hot  Air  System   ^  V  i-i 

''        ''      '"       Oyerhead i>  2o7 

"    Use  of— for  Heating  Cars IV,  lo5,  lo6 

"      and  Cold  Water  Coc^— Illustration,  Plate  II 1, 116-117 

"      Boxes,  Cause  of -^X'  oi^ 

"      Water  Bottle ;,•/•/■  Vr"  * '  V'vA'  1 1 - 

"  "        Circulating  'Pi^e— Illustration,  Plate  11 1, 116-1 1  / 

"  "  "  Sj'stem   IV,  158 

"  "         Jacket— Illustration,  Plate  II I,  116-11  / 

Multiple  Circuit  System IV,  160,  161 
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Hot  Water  Pipe  from  Heater — Illustration^  Plate  II. .  .1, 116-117 

"     to  Bowl—Illustration,  Plate  II I,  116-117 

"       "  Car  -Illustration,  Plate  II 1,  116-117 

"  "        Use  of— for  Heating  Cars IV,  155,  156 

Hotel  Supplies,  Handling VIJ,  SQ,    87 

Requisitions  for VII,    87 

Hour,  Worliing  by I,  285 

House,  Coal I   246 

Oil I,  245 

Power 1,259,  272 

Houses,  Oil VII,  123,  124 

Old— Collections  for  Sale  of VII,  422 ;  IX,  427 

Household,  Establishment  of XI,    26 

How  Current  Is  Produced  in  the  Dynamo I,  405-410 

"      Motion  Is  Produced  in  the  Motor I,  410-412 

"      to  Use  the  Air  Brake I,  314-333 

Howard,  James  E Ill,  331 

Howe  Truss  Bridge  Span — Illustration Ill,  373 

"      William— Device  of I,    48 

Howe's  Link  Motion,  or  Gearing  Attached  to  Driving  Wheels 

of  the  Locomotive,  1842 — Illustration I,    49 

Hub,  Wheel— Illustration,  Plate  III 1, 170-171 

Hudson,  J.  F 11,47,    48 

Humboldt I,  286 

Hungary,  Status  of  Railroads  in VIII,  338 

Use  of  Metal  Ties  in Ill,  378,  379 

Hydrants    I,  242 

Hydraulic  Brake I,  292,  298 

"  Riveting  Machine I,  255,  256 

Plant I,  262 

Hygiene IV,  68-70;  V,  32-36 

Hygienic  Department IV,     68 

Hypothecated  Baggage V,  450-452 


Iberians XI,    56 

Ice,  Clearing  Track  of    Ill,  301 

"■    Removing — from  Couplings I,  323 

Idean  Jove XI,    92 

Ideas, New — Their  Acceptance  at  Meetings  of  Railway  Offi- 
cials  I.  288 

Identification,  Letters  of  Advice  and  . .  .VIT,  410,411 ;  IX,  398-400 

Ideographic  Writing XT,  120 

Idleness,  Effect  of — on  Machinery Ill,  424 

Ignorance  No  Excuse  for  Neglect  of  Duty IV,  329 

Ilbery,  George  Edward V,  285 

Iliad XI,  103 

Illinois,  Railway  Taxation  in Ill,  440 

Immigration,  Pauper— Danger  of XI,    46 
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Implements,  Agricultural — Advances  on IX,    89 

•'  Calking-  and  Shipping- I,  262 

Care  of VII,  297 

"  Discussion  of  Questions  Regarding- I,  289 

Giving  Out I,  265 

"  of  the  Aryans XI,    68 

Old— Return  of VII,  259 

Ordering VII,  298 

"  Safetv— Carried  on  Trains IV,  120 

Wear  and  Tear  of Ill,  299 

improved  Pump  Governor— lUustratioji I,  354 

Improvements Ill,  140,  141 

"  Expenditures  for II,  1S9 

"  Incentive  to II,    24 

Local II,  221 

"  Means  for  Developing Ill,    23 

"    Extending Ill,    23 

Railway X,    11 

Inactivity II,    22 

Incandescent  Lamps,  Current  Required  bv I,  401 

Electro-Motive  Force  of I,  401 

Lighting I,  399,  423,  424 

Inclined  Cylinders I,    46 

Income  Account X,  176-181 

Creditsto X,177-179 

Debits  to X.  179-181 

Bonds .IIL    92 

"        Items  Chargeable  Against VII,  625-527 

"        ]\Iist'ellaneous — Definition  of X,  179 

Net— Its  Relation  to  Capital Ill,    56 

"  —What  Constitutes  It X,    27 

Surplus— Use  of IV,  140 

"        Use  of — to  Strengthen  Properties Ill,    74 

Incompetency,  Danger  of II,    21 

Increase  of  Current— Its  Effect I,  428,  429 

"    Pressure I,  414 

Indemnity  Bonds.    (See  also  "Bonds,  Indemnity'') 

VI,  110 ;  IX,  158-177,  353-358 

for  Lost  Checks X,    98 

on  Loss  of  Time  Tickets VII,  409 

India I,  217 

"      Baggage  Allowed  in V,  290 

"      Construction  in Ill,  152 

;[      Gauge  Adopted  in Ill,  193 

— Its  Primitive  Associations  and  Means  of  Carriage.. . 

XI,  157-187 

"      Labor  in 111.152 

"      Portable  Railroads  in I,  223 

*'      — Primitive  Carriage  in — lUustrations XI,  157-187 

"      Railways  in Ill,  153 
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India,  Relief  Departments  in X,  350-352 

"      Transportation  of  Freight  in Ill,  125 

Indianapolis,  Cincinnati  &  LaFayette  Railroad II,  128 

Indicator I,  88,    89 

"  Section  of— Illustration I,     88 

Indicators,  Switch — Automatic  Electric  Block  System. .  .IV,  285 

Individuals,  Vouchers  in  Favor  of VII,  435 

Indorsements VII,  407,  444-446 

Making IX,  342-347 

Induction. Magnetic I,  400 

Motor ],  412,  442-449 

"  "       Alternating  Current— Illustration I,  444 

"  "       Primary,  or  Stationary  Element,  Showing 

Coils  for  Receiving  the  Current  from 

the  Circuit — Illustration I,  442 

"  "  Secondary,  or  Revolving  Element,  Show- 
ing Copper  Bars  in  AVhich  Current  is 
Induced  by  the  Current  in  the  Pri- 
mary— Illustration I,  443 

Industrial  Exposition,  Berlin I,  520 

''  World,  Conditions  of II,    35 

Industrv,  Recognition  of— in  Corporate  Life II,    19 

Inefficiency IV,  329 

Eifectof 11,135 

Influences  Affecting  Capitalization Ill,  53-58 

Information,  Afforded  by  Experience I,  283 

Furnishing-— to  Public  Officials VII,  432 

Given  by  Agents VI,  316 

"  Regarding  the  Character  of  Employes IX,  167 

"  Value  of — in  Regard  to  Trains IV,    11 

"                  "        "   — Regarding  the  Machinery  Depart- 
ment  1,232,  233 

Initials,  Car VI,  143 

Injector I,  76,  77.  286 

^Illustrations,  Plate  I. I,  58-59,     60 

"         Feed  Vipe—IUustratioji I,    60 

Names  of  Parts  of I,    78 

Operation  of I,    78 

"  Origin  of I,    54 

"  Overflow— Illustration,  Plate  I I,  58-59 

"  Section  of— Illustration I,    78 

"  Side  View  of — Illustration I,    77 

Supply  of  Water  to I,  106 

"  Throttle— Illustration,  Plate  I I,  58-59 

Injuries,  Claims  for II,  232,  235 

"        Disbursements  for Ill,  398 

"Injuries  to  Persons" - VII,  491,  521,  522 

Ink.  Use  of VI,  314 

Inner  Drawbar,  Carey  Iron— Hhistration,  Plate  II 1, 116-117 

"      Face  F]site— Illustration,  Plate  II 1. 116-117 
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Inner  Guide,  Tenter  ^t^m— Illustration.  Plate  II 1, 116-117 

Inside  Brake  Beam  Yn]cvum— Illustration,  Plate  II. . .  I,  116-117 

"       Csisiuir—Illustraiion^  Plate  II 1, 116-117 

"      Connecting  Hod— Illustration,  Plate  II I,  116-117 

"      Cornice  Fascia  Board— Illustration,  Plate  II 1, 116-117 

"      Cylinders 1,30,31,46,    87 

"      Deck  CoTuice— Illustration,  Plate  II 1, 116-117 

"      Hung  Brake 1,379 

"      Intermediate  Mailing  Strips — Illustration,  Plate  III 

I,  170-171 

.,      -r  .    .  m     ^     *•         \  Plate  II 1. 116-117 

l.u,mg-Illustrations,  -J  p^^,^^  jjj     '    '"  ' ; ; ; ;  ^  '  |;  {J^_}^| 

''      Window  ^i\\— Illustration,  Plate  II I,  116-117 

Inspecting  Stations I,  270 

Inspection  Car,  Track— IZ^usfmfioii 1,  148 

Inspectors.      (See  also  "  Traveling  Auditors  ") I,  267,  270 

"  Brake 1.322 

"  Car— General  Instructions  to I,  330-333 

Duties  of IX,  37,    86 

"  Duty  of— in  Regard  to  Old  Papers VII,  142 

"  Exchange  of  Hose  by I,  328 

Fuel— Returns  of VII,  330 

"  General  Instructions  to T,  328,  329 

"  Locomotive — Employment  of IV,    38 

"  "  —Rules  Governing IV,  430,  431 

"  of  Freight VI,     24 

"  Material I,  278;  VII,  91-94 

''  Rolling  Stock II,    47 

"  "  Supply  Depots VII,    77 

"  Ties,  Returns  of VII,  287 

"  Pump 111,259 

"  Reporting  Defects  to — Instructions  to  Trainmen . 

I,  327 

"  Responsibility  of — Instructions  to  Car  Inspectors 

I,  333 

"  Station— Wages  of,  in  England IV,  452 

Ticket V,    83 

"  Timber Ill,  250 

Traveling— English II,  207 

Institutions,  Eleemosj' nary II,  195 

Instruction,  Scientific I,  234 

Instructions,  General— to  Enginemen I,  315-321 

"  to  Car  Inspectors,  General I,  330-333 

"  Engineers I,  363-369 

"             "  Enginehouse  Foremen  and  Inspectors,  Gen- 
eral  1,328,  329 

"  "  Forwarding  Agents VI,  138 

"  "  Switchmen  and  Yardmen I,  376,  377 

"  Trainmen 1,369-376 

General 1.321-328 
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Instructors,  Agents' IX,  251 

Instruments,  Musical — Carriage  of V 

"  Switch — Automatic  Electric  Block  System.. IV 

Insubordination II,  13 

Insulated  Car  for     Dairy     Products — Victorian    Railway — 

Illustration.. I 

"         Splice  Bars,  Automatic  Electric  Block  System 

IV,  283 

Insulating  Blocks I 

"  Materials I 

Insulation . , , 1, 473 

"  Burning  the I 

of  Coils I 

Insulators I 

"Insurance  " VII,  496 

Insurance Ill,  475 

"  Looking  After Ill 

"  Parcel— in  England V 

Insurers,  Railroads  as VIII 

Integrity  of  Railway  Officers  and  Employes II 

Intelligence,  Evidence  of VII,  19 

'"  Necessity  of — in  Handling  Requisitions VII 

"  Recognition  of — in  Corporate  Life II 

Interchange  of  Cars VI 

"    Views— Its  Value 1,289 

Inter-Cooler < I 

•Interest  •' VII 

interest,  Abnormal  Rates  of Ill 

"  Association  of — Between  Carrier  and  Patron II 

"  Concentration  of II 

"  Expenditures  of  Railways  for VIII 

of  Employer  in  Employe II,  31 ,  32 

"  "    Employes — How  Increased II,  28 

on  Bonds Ill,  96 

"Interest  on  Bonds''  Account VII 

interest  on  Bonds,  Accounting  for._ X,  178 

"Interest  on  Floating  Debt,  Discount  and   Exchange''  Ac- 
count   VII 

Interest  on  Foating  Debt,  Discount  and  Exchange — Account 

ing  for X 

Payment  of . .  .11, 137,  189, 191;  III,  96 

Rate  of Ill 

"         Reciprocal — of  Capital  and  Labor II 

"         Waiving — by  Bondholders Ill 

Interests,  Legal II 

"  Legislative    II 

"  Mutual— of  Employer  and  Employ  e II 

Interference,  Arbitrary II 

"  Government.      (See      "Government      Interfer- 

ence.") 
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Interference,  Legislative VIII,  62,  205 

Interior  Department,  Transportation  for V,  144 

Interline  Bag^a^e,  Checking V,  55,  438 

Balances,  Settling IX,  358-361 

"         Charges  Prepaid VI.  150;  IX,  126 

"  ''  '*        Rules  Governing VI, 16],  162 

"         Claims,  Rules  Governing VI,  297 

"       Settlement  of VI,    21 

Excess  Baggage,  Returns  of V,  482 

Traflic V,  465 

in  the  United  States 

V,  487,  488 

Freight  Trafiic VI.      7 

"'         Loss  and  Damage  Claims,  Rules  Governing. VI,  300-306 

"         Overcharge  Claims,  Rules  Governing .  .VI,  298-300 

Ticket  Chart  V.  136-138 

"        Register V,  159, 160,  162.  163 

''  "        Return,  Monthl  v V,  167-169 

"        Sales,  Weekly  Return  of V,  167 

Tickets V,  78,  88,  91, 102-107, 110,  111 

"  "        Accounting  for V,    85 

Auditing X,  131-133 

"Complete'' V,  105,  137 

"  "        Foreign X,  127 

Local X,  127 

"  "        "Paster  '  and  "Extension" V,  106,  137 

Selling V,  136-138 

Traffic 11,237 

"       Auditing 11,258 

"  "       Handling — Proportions  for II,  251 

"         —Use  of  the  Word V,    88 

Way  Bills VI,  137,  230;  X,  116 

Interlocking IV,  499 

Bolts 111,330 

—Meaning  of  Term IV,  318 

Mechanical IV,  277,  278 

Switches IV,  nO-113 

"Interlocking  Switches'' VII,  463 

Intermediate  Body  Transom  ViW^v— lUu-'^tr  at  ion  ^  Plate  II. . . 

1,116-117 

"  Post— Illustration,  Plate  III 1, 170-171 

"  "     Rods— Illustration,  Plate  III 1, 170-171 

International  Association  of  Car  Accountants VI,    54 

"  Railroad  Congress ...  X,    42 

Interstate  Commerce  Commission IV,  118 ; 

V,43,45,  48,  106:  VI, 
9,27,29,32.34,35,43, 
45,64,70.  71.  75;  VII, 
467,472:  VIII,  15.  89,  122 
''  "  "  Discretion  of VIII,  273 

33  vol  1J5 
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Interstate  Commerce  Commission — Fourth  Annual  Report. 

V,  45,     48 

Powers  of VIII,  279,  280 

—Third  Annual  ReportV.    43 

"  "  Law V, 292;  VI,  43,    45 

"    Description  of VIII,  265,  272 

"    Effect  of A'lli,  280-282 

"     Imperfections  of VIII,  280 

"    Passage  of VII,  209 

"  "     Summary  of VIII,  276-278 

Traffic Ill,    4G 

Intoxicants,  Use  of— by  Employes IV,  330 

Introduction  of  Air  Brakes I,  294 

to  "The  Science  of  Railways" I,  7-13 

Invention,  Effect  of  Uniformity  on X,    41 

of  the  Air  Brake I,  306 

"  The  Author's— for  Accounting VI,  89,    90 

Inventions,  for  Hastening  Application  of  the  Brake I,  310 

Inventories VII,  341-348 

Brasses VII,  346,    347 

Dining  Car  Supplies VII,  346 

Fuel VII,347,  348 

"  of  Construction  Material VII,  193 

"  Stationerv VII,  346 

Stockyard VII,  347 

Tools'. VII,  346,  347 

Track VII,  344-346 

Inventors  of  Transportation .XI,  155 

Inverted  Arch  Bar — Illustration,  Plate  III T,  170-171 

"  "        "     Center  Bearing — Illustration,  Plate  II  . . 

1,116-117 

Investigation,  Need  of — in  Investing Ill,  79-84 

Investments I II,  15,    16 

"  Railway — Acquisition  of  Capital  for.. , ,  .VII,  18-27 

Safe Ill,    57 

Investors. II,  119 

Care  Exercised  by Ill,    60 

Foreign Ill,  82-84 

Precautions  for Ill,  79-84 

Representatives  of Ill,  82-84 

Invoices,  Comparison  of — with  Material , .  .VII,  99,  100 

"    Reauisitions VII,  193 

Corrections  on VII,  279,  281 

"         Entering — in    General    Distribution    of  Material 

Book VII,  317 

Material VII,  89, 100, 101,  278-282 

of  Material  Purchased VII,  2S0 

Transferred VII,  280-282 

Preserving VII,  279 

Receipting .VII,  279,  280 
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Invoices,  Kecording VII,  280 

"  Safeguards  Surrounding VII,  100 

Scrap VII,  282 

Statements  of VII,  281 

Ticket II,  258 ;  V,  127, 128 ;  IX,  122 

Ionian  Boatmen XI,    83 

Iowa,  Rail  way  Taxation  in Ill,  439 

Ireland,  Baggage  in V,  285 

"        Gauge  Used  in Ill,  194 

Great  Northern  Railway  of Ill,  178,  183 

Iron Ill,  8;  XI,     73 

"    — A  Conductor  for  Magnetic  Flux I,  407 

"     Car — Illustration I,  159 

"       "     Baume-Marpent's — Illustration I,  162 

"      Ch\We(\— Illustration IV,  202 

''      Core I,  400 

"      Drawbar  Carry— IZZwsim^ion,  Plate  II 1, 116-117 

"      Filings I,  399,  400 

"      B.o^XiQr— Illustration,  Plate  II   I,  116-117 

"  "        Cover  for— Illustration^  Plate  II 1, 116-117 

"      Inner  Drawbar  Carry — Illustration^  Plate  II 1, 116-117 

"      Inspection  of I,  278 

"      Magnetic  Saturation  of I,  427,  428 

"      Ore,  Weighing — Rules  Governing VI,  149 

"      Permeability  of — in  the  Motor I,  429 

"     Plates,  Laminated I,  457 

"      Railways,  Kinds  of Ill,  111 

"     Russia I,    74 

"      Safety  Beam— Illustration^  Plate  II I,  116-117 

"      Scrai)— Use  of,  for  Wheels IV,  208,  209 

"      Shoe I,  464 

"      Side  Sill  Knee— Illustration^  Plate  II I,  116-117 

"      ^ie\-)— Illustration,  Plate  II I,  116-117 

"      Substitution  of— for  Wood 1, 166,  168 

"      Tests  of I,  277 

"      Top,  Ring  for  Bussisi— Illustration,  Plate  II I,  116-11 7 

"      Truss  Rod  Anchor— Illustration,  Plate  II I,  116-117 

"      Use  of— by  Railways VII,  209,  210 

"     " —for  Brake  Shoes 1,302,303 

"     " —in  Building  Cars 1,157,158 

"      Yoke I,  400 

Irus XI,     91 

Islands,  Miscellaneous — Their    Primitive  Associations    and 

Means  of  Carriage XI,  366-378 

"                     "             — Primitive    Carriage    in  — Illustra- 
tions   XI,  366-378 

Isle  of  Cephallinia XI,    83 

Israelites,  Trade  with — bv  the  Phoenicians XI,  134 

Italian  Cattle  Car— lUus't  rat  ion I,  190 

"       Express  Locomotive— /^Zws^ra^ion I,  129 
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Italian  Half  Box  C&r— Illustration I,  160 

"       Inside  Connected  Freightluocomotive— Illustration,!^  120 
"  "  "  Passenger  I.ocoraotive — Illustration 

I,  120 

Italy,  Baggage  Allowed  in V,  288 

in V,  285 

"      Builders  of I,  152 

"      Effect  of  Government  Management  in VIII,  235 

"      Gauge  Used  in Ill,  194 

"      Handling  Baggage  in V,  385,  386,  433 

"      — Its  Primitive  Associations  and  Means  of  Carriage. . . 

XI,  429-436 

"     Relief  Departments  in , X,  347-350 

"      Responsibility  for  Baggage  in V,  311,  312 

"      Status  of  Railways  in Ill,  50;  VIII,  342 

"     Use  of  Metal  Ties  in Ill,  379 

Ithaca XI,    83 


Jack,  Track— Illustration Ill,  332 

Jacks    I,  243 

"      Air I,  269 

"    —Portable I,  275 

'*      for  Raising:  Locomotives I,  243 

Jacket  Bsinds— Illustration,  Plate  I. I,  58-59 

"       Boiler— Illustration,  Plate  I I,  58-59 

Hot  \Y ater— Illustration,  Plate  II 1, 116-117 

Steam  Inlet—  Illustration,  Plate  II 1, 116-117 

"  "       Outletr-  Illustration^  Plate  II 1, 116-117 

James,  William  T I,    48 

"James"  Locomotive — The  First  Fitted  with  Link  Motion,  I,    48 

Japan,  Comparative  Value  of  Gold  and  Silver  in Ill,    12 

"        — Its  Primitive  Associations  and  Means  of  Carriage.. 

XI,  188-218 

"        Primitive  Carriage  in — Illustrations XI,  188-218 

"        Status  of  Railways  in VIII,  347 

Jeans,  J.  S Ill,  35,143;  IV,  98;  VI,  37,38.  55;  X,  167 

Jeffries,  B.  Joy IV,  225,  226,  233 

Jerking  with  Air  Brakes I,  368 

Jervis,JohnB 1,50,51;  11,146,211,214;  V,  182;  X,  169 

Jessop,  William — Rail  Introduced  by Til,  177 

Jessop's  Cast  Iron    Fish-Bellied  Rail,  A.  D.  nS9~Illustra. 

tion HI,  177 

Jewelry,  Transportation  of V,  519 

Jezebel XI,  1 35 

"John  Stevens'"  Locomotive,  Camden  &  Amboy  Railway, 

1849 — Illustration I,    44 

Joint  Aijents     IX,  234-236 

"      Block,   Wooden— Xew    Jersey    Railroad,  A.  D.    1860 

— Illustration III>  278 


GENERAL  INDEX.  187 

PAGE 

Joint  Chair  and  Wedge,  Old  Portage  Kailroad— A.  D.  1832 

—Illustration Ill,  204 

"      Claims,  Auditing VI,    20 

"      Fixture  Used  on  Western  Railroads,  A.  D.  Y^Q^— Illus- 
tration   Ill,  285 

"      Rail,  A.  D.  ISSS— Illustration Ill,  307 

"      Service  Compartment  and  Passenger  Cslt— Illustration 

Ij  221 

Joints  ....'.*.'.!!  ;;;illll!!!'"  ^^11* /.".*.'."  l*'l'l^*l^''"''^iil!  301 

"      Broken Ill,  220,  221 

"      Even Ill,  220,  221 
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Lock,  Door  ^?i^\\— Illustration^  Plate  II I,  116-117 

"      Nut,  Cluster  ^iem— Illustration,  Plate  II I,  116-117 

"       ^es.t— Illustration,  Plate  II. 1, 116-117 

"      Vestibule  Door— Illustration,  Plate  II. 1, 116-117 

"       Winaow— Illustration.  Plate  II I,  116-117 
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Loek8,Storing VII,  294 
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Books  on IV,    36 
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tration IV,  200 
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-^Illustration I.  521 
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"  Russian  Y re'iM— Illustration  ..,,,. I,  124 


GEXERAL  INDEX.  201 

PAGK 

..roniotive,  Satldle  Tank— American  Four-Wheelea— i^^us- 
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System  of  Heating IV.  159-160 

Lowell  &  Suburban  Street  Railway  Company — L^se  of  Elec- 
tricity by I,  498,  499 

Lower  Balance  Spring— Illustration,  Plate  II L  116-117 

"        Berth— Illustrati07i,  Plate  II 1.116-117 

_Stop  Bar— Illustration,  Plate  II I,  116-117 


GENERAL  INDEX.  205 

PAGE 

Lower  Brake  Connecting  'Rod— Illustration.  Plate  II.  .1, 116-117 

"        Deck  CeiVmg—Ilhist ration.  Plate  II. 1, 116-117 

"       Door  Pa.ne\s—Illustratio7i.  Plate  II 1, 116-117 

'*  "       Sa,?.h— Illustration.  Plate  II. I,  116-117 

'^       Intermedijite  Fr,T\hni— Illustration,  Plate  III. .  .1, 170-171 

"        Kail  of  Frame— Illustrations.  Plate  I I.  58-59 

"       Rid^e  Fo\e— Illustrations ,  Plate  III    1, 170-171 

"        Swing  Hanger  Fivot— Illustration,  Plate  II I,  116-117 

"       Wainscot  HaU— Illustration,  Plate  II I,  116-117 

Lowering  Transformers I,  427,  451,  452 

Loyalty  of  Employe  to  Employer II,  31,    32 

"    Railway  Officers  and  Employes II,  65,    66 

Lubricants,  Cost  of IV,  210 

"  Inferior— Effect  of  Use  of Ill,  402,  403 

Use  of VII,  122,  123 

Lubricating  Device — Illustration I,  281 

Lubricator I,  315 

"  Air  Pi\m\)— Illustration.  Plate  I I,  58-59 

"  Cylinder— Illustration^  Plate  I I,  58-59 

"  Viite— Illustration I,    60 

Lubricators,  Continuous,  Sight  Feed I.  253 

Luce,  F.  M IV,  60,    65 

Lugano,  Switzerland,  Electric  Tramway — Description  of. . . . 
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'      "      "    Belgium 111,377 

''      "       "    England 111,376 

"      "      "    France 111,376 

"      "      "    Germany ..111.377,378 

"      "      "    Holland 111,377 

'•      "       "    Hungary Ill,  378,  379 

"      ''      "Italy 111,379 

"      "       "    Portugal 111,379 

"      "      "    Spain 111,379 

"      "       "    Switzerland 111,379 

"      Track,  A.  D.  \^^^— Illustrations HI,  314-319 

Advantages  of HI,  380 

"         Midland  Railway,  A.  D.  l^SQ— Illustration.  Ill,  312 

Queensland,  A.  D.  1889— Illustration HI,  312 

"      Vehicles I,  224 

Metals,  Ancient  Workers  in XI,  134 

"       Art  of  Working XI,    73 

"       Benches  for  Working  in I,  269 

"       Furnishers  of I,  182 

"       Precious II,  242 

"       The  Basis  of  Exchange XI,    73 

"       Use  of— bv  Railways HI,  320-322 

"     "  —for  Railroads 1,218 

Utilization  of XI,    72 

Metallic  Gaskets 1,  381 

Packing I,  381 

Salts,  Use  of HI,  352 

Metallographists Ill,     14 

Method  of  Capitalization HI,  28-40 

"   Construction HI,  137-151 

Methods,  Business — of  Manufacturers.   I,  125 

—Uniformity  in VII,  337 

"         Comparison  of II,  278 

Governing  Freight  Traffic VI,  93-108 

"  "  the  Fiscal  Ailairs  of  Railroads VI,  77-92 

"         of  Departmental  Officers II,  139 

"    Transportation 1,201 

"         Political  and  Business X,  11-15 

''        Publicity  of IX,    23 


-    GENERAL  INDEX.  217 

PAGE 

Metliods,  Railway VII,  11-17 

''  ■'        — Divergence  of II,    80 

"         to  Be  Observed  in  Handling  Railway  Revenue.  IX,  20-34 
Metropolitan  Elevated  Railway,  Chicago — Use  of  Electricity 

ou 1,495,496 

Mexico,  Conquest  of XI,    85 

"        — Its  Primitive  Associations  and  Means  of  Carriage. 

IX,  404-417 

"        Primitive  Carriage  \n— Illustrations XI,  404-  417 

Railway  Travel  in I,  202 

Use  of  Wood  in YII,  162 

Michigan,  Railway  Taxation  in Ill,  436,  438 

Middle  Door  ^2ine\^— Illustration,  Plate  II I,  116-117 

"  "      'R^iW— Illustration^  Plate  II I,  116-117 

Rail  Side  T>oov— Illustration^  Plate  III 1, 170-171 

Safety  BQ2im— Illustration^  Plate  II 1, 116-117 

"       Sidings,  Rules  Governing IV,  375,  376 

Ti'dimom— Illustration,  Plate  II I,  116-117 

''  Flsite— Illustration^  Plate  II 1, 116-117 

Middleman,  Relation  to  Rates VIII,    50 

Middleton  '. I,    21 

&  Leeds  Railway,  1812-13— Illustration I,    24 

Midland  Railway,  England V,  282,  430,  432 

Milan.  Breda  Engine  of I,  151 

Mile  Train II,    27 

Mileage,  Allowance  of — to  Owners  of  Cars II,    45 

Coupons V,  209,  210 

Daily -of  Freight  Cars VI,    53 

Exchange  Checks V,  211 

Railway— Growth  of Ill,    42 

Tickets V,  78,  92,  93,  97-99 

Coupon V,  471,  474,  475,  495 

Rules  Governing V,  207-210 

Military  Cars I,  224 

''         Purposes,  Railroads  for I,  217 

Milk  Accounting  for X,  119 

"      Car,  Suburban — American  Standard — Illustration I,  209 

"      Carriage  of V,  519 

"      Shipment  of VI,  247-250,  313 

"      Shipments,  Daily  Return  of VI,  250 

•'      Tickets V,  520;  VI,  247-250 

Book VI,  252 

Mill,  Planing I,  271-274 

"        — Car  Department  —  Side  Elevation — Illustra- 
tion  I,  260 

"  "        — Section  and  End  Elevation— Illustration..  .J,  '2i:A 

"Miller"  Platform IV,  120 

"  "        with  Automatic  Coupler— ///«s/mfio?i,.IV,  119 

Milling  Freight  in  Transit VI,  267 

"        Machines I,  265 
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Mineral  Department,  English YI,  326 

Salts,  Use  of. Ill,  361 

Sperm  Oil,  Use  of —for  Uio;hting  Cars IV,  180,  181 

Tank  Engine,  Scotland— //^M-s-^ra/ion I,  123 

Traffic,  Agents'  Return  for— English VI,  326,  327 

of  Great  Britain VI,      8 

Minerals,  Waybilling VI,  136 

Minerva XI,    96 

Minnesota,  Railway  Taxation  in Ill,  439 

M inors,  Employment  of IV.  330 ;  IX,    30 

Mint,  British./ Ill,    11 

Miscellaneous  Charges ...... .VI,  158 

Accounting  for IX,  62-64 

Prepaid VI,  156,  158 

Unpaid VI,  158 

Collections IX,  60-62,  282 

"  "  Remitting IX ,  424-427 

"  Earnings X,  149 

"  ''  Definition  of X,  178 

English YI,  327-329 

"Miscellaneous  Expenses" YII,  463 

Miscellaneous  Goods,  Manufacture  of . .      I,  138 

"  Income,  Definition  of X,  179 

Receipts— Auditing X,  118 

"Miscellaneous  Structures'' ^ H?  460 

Miscellaneous  Tickets Y.  Ill 

Auditing X.  125,  126 

"Miscellaneous  Track  Material" YII,  463 

Miscellaneous  Traffic.  English Y,  247 

Way  Bills,  English Y,  247,  248 

Misrepresentations  of  Shippers YI,  5,  22-25 

Mississippi,  Railway  Taxation  in Ill,  451,  456 

Missouri  Pacific  Railway II,  51,    52 

Mixture,  Standard — for  Brake  Shoes I,  302 

Modern  Devices  of  Business YII,  229-231 

Hand  BY&\iQ— Illustration I,  300 

"         Locomotive I.    58 

—Details  of I,  115 

Travel I,  148 

Mohammed XI,    41 

Mohawk  &  Hudson  Railroad I,    56 

Molder's  Floor I,  258 

Molding  Qo\Q—W\\\aovf— Illustration^  Plate  II 1, 116-117 

^2iYQS>— Illustration,  Plate  II I,  116-117 

"      Beck— Illustration,  Plate  II 1,116-117 

^Vmdow— Outside— Illustration,  Plate  II 1, 116-117 

Monarchies,  Formation  of XI,    32 

Money,    (See  also  "Cash") XI,  13,  128 

Access  to IX.  340 

"        as  Property Ill,      8 
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Monev.  Care  of VH,  31,  32;  IX,  133-135, 143,  328-330 

"    '     Carrj'ino-  from  Banks X.  226 

Collecting ^-^^  ^^^V???' ?oS 

Collection  of ^}J'  f'x 

"Conscience"— Aceountins:  for Vll,  42.> 

Coupon  Tickets,  Excess  Baggage 

\ V,  471,  472,  476,  477,  495 

Disbursement  of ^^' ■'^^^'  U'  ?n? 

"  "—by  Agents IX,  289 

Drawers 1^^  '"^^^^-^-^^^^^1] 

Faithful  Handling  of tVt     ?~ 

"Fiat" ^^}'    }t 

"        Foreign — Acceptance  of I^i  32 < 

"        Free  Circulation  of III^    || 

"    Coinage  of •  —  H^    11 

"         (xnardinff   1  -^'  ^'^^^  "^ 

"        Handling IX,  133-135,  242-245,  29j),  302 

—at  Stations IX.  178-192 

How  Faithfulness  and  Skill  are  Acquired  in  Hand- 
ling I^-  27,     2b 

"        Influences  Affecting III^  ^y      ^ 

Materials  Used  for ttt       o 

of  Savages ^;  \  h  i-n 

Orders  of  Agents  to  Pay Wt    n     ?n 

—Origin  of  the  Word ;  J   ..o^'  o\^ 

Paid  Out  by  Agents IX,  62b,  6'ii 

Paper tVt   oq     2q 

"        Plentifulness  of ttt       q 

Purchasing  Power  of .; •  •  •  •  •  •  llj^      « 

Receipting  for IX,  2J1^  32o,  ^^o 

Receipts  for -^^t   oSJ 

"  —English VJ,  ^2^ 

Receiving H.  195;  IX,  327,  328 

"  "        — in  Treasurer's  Office X,  zbz 

Reconveving— into  the  Treasury ■"'-•  •  V  ;?J  ?^? 

"        Remitting  ...  .IX,  135,  138,  139,  327,  328,  430;  ^.  ISo-l^J 

"        Requirements  of 11|»    ^ 

Scarcity  of ^^1,    2» 

"  "        "  —in  America -if'  or- 

Sending  by  Express t^'      q 

the  Standard v'  .oeo 

"        Transferring— Between  Banks  and  Offices X,  2b2 

"        Transportation  of— in  Early  Days Ill,  119 

Weighing \\\^    ^^ 

"        —What  Constitutes  it J^i,      / 

"    isMeantby ii}{j'    -1 

Monopolies,  Characteristics  of ^\\\^  ^ '•] 

Creation  of ^\Yj     p^ 

Monopoly,  Possibility  of ^  t^i'  ^^ 

Montague,  S.  S •^^^'  ^^^ 
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Montespan,  Mrae.  de — Chateau  of I,  217 

JNloiithlv  Interline  Ticket  Return V,  167-1(;9 

"     '     Local  Ticket  Return V,  162,  164-167 

Meetings I,  227-229 

"         Return  of  Excess  Baggage,  Rules  Governing .  V,  507-512 

Monumental  Writing XI,  118 

Moon,  Ancients'  Idea  of  Carriage  of XI,  155 

Morocco — Its    Primitive  Associations   and  Means  of    Car- 
riage   XI,  334-341 

"       —Primitive  Carriage  m— Illustrations XI,  334-341 

Morrison,  Andrew Ill,  207 

Mortgage  Bonds Ill,  42, 64,  86,  88,  92-100,  158 

"  Foreclosures Ill,    95 

Trustees Ill,    94 

Mortgages Ill,  92-100,  103 

Drawing II,  232 

Recording Ill,    96 

Moses XI,  112 

Motion,  Conception  of — by  the  Ancients XI,  154 

Fork I,    48 

How  It  Is  Produced  in  the  Motor I,  410-412 

"        Lateral — Its  Advantages  in  Connection  with  Brake 

Shoes I,  304 

Link I,  48,  49,  115 

"      —First  Locomotive  Fitted  with I,    48 

"      —Howe's  l^i^l— Illustration I,    49 

"  "      — Introduction  of — in  England I,    48 

"        Transfer  of — from  Links  to  Valve  Rod I,    94 

Valve— Direct  Acting I,    94 

"      — Indirect  Acting I,    94 

"     —of  Air  Pump 1,308 

Motive  Power,  Electricity  as  a 1,  387-520 

Superintendents  of I,  233,  277 ;  II,  138 

Motor — Illustration 1, 410,  441 

Alternating  Current I,  426,  441 

—Its  Evolution I,  445 

Brake  Tests  Upon I,  476 

"       Car,  Electric I,  467-469 

"     Equipment 1,488 

**     Mt.  Holly  ILo^A— Illustration I,  491 

"       Cars,  Air  Brakes  for I,  485 

"      Heating I,  486 

"      Lighting 1.486 

"      Tests  on 1,480-482 

"       "Consequent  Pole" 1,472,  473 

Constant  Speed I,  445 

Curves I,  476-480 

"       Diagrams  of I,  476,  477,  481-483 

Direct  Current I,  411 
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Motor.  Electric I,  394.  396 

—The  Place  It  Shall  Occupy I,  394,  395 

"      Energy  of  Steam  in I,  403 

"       for  Heavy  Street  Kaihvay  ^Qvylae— Illustration 1,  509 

"       Four-Pole I,  472 

How  Motion  Is  Produced  in  the I,  410-412 

"    Rated.  = 1,473 

''       Induction I.  412,  442-449 

"         —Alternating  Cnrvent— Illustration I,  444 

"  "  Primary,  or  Stationary  Element,  Showing 
Coils  for  Receiving  the  Current  from 
the  QiT^uit— Illustration I,  442 

"  "  Secondary,  or  Revolving  Element.  Showing 
Copper  Bars  in  Which  Current  is  In- 
duced by  the  Current  in  the  Primary— 
Illustration I,  443 

Limitations  of  the I,  429 

"       ISTarrow  Gixuore— Illustration I,  487 

"       Power  Delivered  to  a— How  Found I,  404 

"       Hailwdj— Illustrations I,  471,  524 

"  "  Eighty  Horsepower — Illustration I,  510 

"  "  —Armature  Coils  for— Illustration I,  411 

"  "  "         of— Illustration 1,413 

"  "  — Complete — Illustration I,  415 

"  "  "  (One  Hundred  Horsepower)— I?- 

lustration I,  525 

"  "  —Cross  Section  of  b.— Illustration I,  403 

"  "  —Electrical  Characteristics  of 1, 473,  474 

—Evolution  of 1,472 

—Field  Coil  for 1,472 

"  "  —Spring  Mounted— 'Ilhistration I,  469 

«  "  — Top  Field  Removed,  Showing  Armature  in 

Position,  (One  Hundred  Horsepower) — 

Illustration I,  524 

—With  Gear  Case  and  Car  Axle,  Thirty-Five 

Horsepower — Illustration I,  470 

Ready  for  Mounting  on  A±le— Illustration I,  415 

"       Reduction  of  Voltage  on  a I,  478 

''       Series I,  412,474-476,  485 

Shaft,  Mechanical  Energy  Delivered  by I,  403 

''       Single  Phase I,  445 

"       Six-Pole I,  472 

-       Size  of I,  429,  469 

Street  Ranw&y— Illustration I,  429 

"       Strength  of I,  469,  470 

"       Suspension  of T,  470,  471 

Synchronous I.  412,  442 

"       The 1,-^01,  469-485 
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Motor  Vehicle  or  Horseless  Wagon XI.  521,  522 

"       Weight  of I,  469.  470 

With  Pinion.  Mt.  Holly  Road,  (One  Hundred  Horse- 
power)— Illustration I,  492 

"  "  Upper  Field  Raised — Showing  Armature  and 
Upper  Field  Poles  with  the  Coils  Surround- 
ing Them — Illustration I,  475 

Motors,  Alternating  Current I,  412,  442 

Capacity  of I,  429 

"        Constant   Potential I  415 

Construction  of I,  471,  472 

Electric 1,260,  264 

"  "        — Controller  for;  Open,  Showing  Drum  and 

Fixed  Contacts — Illustration. I,  486 

for  Railway  Work I,  449 

Geared I,  470,  471 

"    Gearing  of I,  474 

Gearless 1,470,471 

"        Maintaining  Pressure  at  the I,  431 

"        Mechanical  Energy  in I,  402 

Polyphase " .1,  488 

"        Protection  of — from  Weather I,  471 

Shunt I,  412 

Steel I^  470 

MovablePoints 111,236,237 

Movement  of  Trains  by  Telegraph — Meaning  of  Term. .  .IV,  319 

Mud  Ring I,     96 

"        "      —Illustrations 1,67,    68 

Mule,  First  Appearance  of XI,    74 

Mullion, Window  Bliud— Illustration,  Plate  IT. 1, 116-117 

Multiplex  System  of  Accounts 

VI,  90,  120,  136, 175, 181, 187,  226,  254,  293 ;  IX,    86 

Multiplicity  of  Patterns  and  Devices I,  284 

Multi-Polar  Machine I,  411 

Multitubular  Boiler  —  First  Railway  Locomotive  with— Se- 

guin's,  1828 1,     26 

"  "  "  "        Locomotive  with — Se- 

guin's,  1828  —  H- 
lustration I,     26 

Munitions  of  War I,  224 

Murray,  Matthew Ij     21 

Musical  Instruments,  Carriage  of V,  519 

Mutilated  Currency IX,  328 

Mycene XI,    89 

Mylitta XI,    99 

Mvthological  Primitive  Associations  and  Means  of  Carriage 

XI,  489-509 

C2iVv\'cio^Q— Illustrations XI,  489-509 
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Nailing  Strip, Center— I??usfra//o»,  Plate  III 1, 170-171 

"■  "       Outside— lUustration,  Plate  III I.  170-171 

'•      Strips.  Inside  Intermediate — Illustration^  Plate  III. 

1,170-171 

Names,  Enterino; — on  Pay  Rolls VII,  393 

Xantasket  Beach  Branch  of  Xew  York,  New  Haven  &  Hart- 
ford Railroad — Use  of  Electricity  on I,  492-495 

Naphtha,  Handling YI,     99 

Narrow  Guage  Motor — Illustration I,  487 

''       Roads Ill,  143 

"       Track I,  275 

Nasamonians XI,  100 

Nashua  &  Lowell  Railroad II,  128 

Nation,  Effect  of  a  Debased  Currency  on  a Ill,    21 

Nausicaa*  Chariot  of XI,  152 

Navy,  Engineering  Department  of I,  234 

"       Introduction  of  Steam  in I,  234 

Nearsightedness lY,  241 

Nebuchadnezzar XI,  124 

—Carriage  in  Time  of XI,  153 

Necessaries,  Cheapening  Cost  of YIII,    3G 

Needle,  Compass I,  400 

Needs,  Public — Conformity  of  Facilities  to I,  201 

Negative  Holes I,  410 

Neilson  Machine,  Builder  of.. • I,  151 

Neilson's  Twin  Goods  Engine,  Scotland — Illustration I,  125 

Neolithic  Age XI,  55,     01 

Neptune's  Car XI,    96 

Netting — Illustration^  Plate  I I,  58-59 

Basket  Bsick— Illustration^  Plate  II 1, 116-117 

Newcastle-on-Tvne Ill,  110,  194 

Brake  Used  at I,  291 

News  Agents Y,  419 

Newsboy  (See  also  "Trainboy") Y,  397 

Newspaper  Parcels,  Way  Bills — English \",  247 

Newspapers,  Advertising  in Y,  116 

"  Carriage  of Y,  520 

"  Comments  of Y.  117 

"  Publication  of  Time  Tables  by Y,  116 

Tickets  Given  to Y,  117 

Newton,  Invention  of I,    17 

Newton's  Experimental  Engine  ,  IfiSO— Illustration I,    17 

New  York,  Lake  Erie  &  Western  Railroad II,  128 

''        "        New  Haven   &  Hartford  Railroad — Use  of  Elec- 

tricit}"  on  Nantasket  Beach  Branch. . .  .1,  492-495 

New  Zealand,  Baggage  Allowed  in Y,  290 

Niagara  Falls I,  440 

•'  "    Power  Company I,  440 

Dvnamos  of I,  455 

Use  of  Electricity  by  .. I,  500-504 
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Niagara  Power,  Diagram  Showing  Utilization  of I,  503 

Xickel,Use  of— by  Railways , VII,  209 

Nioht  Signals IV,  263 

Trips,  Avoidance  of I,    67 

Nile,  Influence  of— on  Transportation XI,  111 

"     Kinds  of  Transportation  on XI,  107 

Nineveh,  Transportation  of  Building  Material  to XI,    80 

Nitroglvcerine,  Use  of — by  Railways VII,  214 

Noblemaire,  G X,  332,  345 

No  Fire  in  Heater  Steam  Jacket— /Z^ws^mh'oTi,  Plate  II,  1, 116-117 

Nomads,  Scythian XI,  100 

North  American  Indians — Their  Method   of   Transporting 

Goods XI,    51 

Northeastern  Railway I,    56 

"  Northumbrian  "  Locomotive I,    29 

Cylinders  of I,    46 

Norway,  Heating  Cars  in V,  234,  235 

Notarial  Expenses,  Cost  of Ill,  156 

Notations  on  Way  Bills IX,  98,    99 

Notes.  Bank — Transportation  of V,  519 

"      Collection  of V,  519,  521,  537 

"      Indorsements  on IX,  345 

"      Indorsing VII,  445 

"      Renewal  of II,  191 

Notice  to  Consignee  of  Arrival  of  Freight VI,  196 

Notices,  of  Errors  and  Omissions  in  Abstracts — Rules  Gov- 
erning   VI,  195 

«         "        "  ''  "  "    Accounts IX,    39 

"    Summaries  — Rules 

Governing VI,  195 

"         "            "             "    Way  Bills— Rules  Gov- 
erning  VI,  192-195 

Posting Ill,  425 

Nova  Scotia I,    40 

Nozzle,  ISiXhaust— Illustration I,    65 

^tand—IUustratioiK  Plate  I .1,  58-59 

Ti])— Illustration^  Plate  I I,  58-59 

Number  FlSLte— Illustration I,    60 

"  "    —Illustration,  Plate  I T,  58-59 

Numbers,  Car VI,  143 

Way  Bill VI,  141 

Nurses,  Expenditures  for II,  232 ;  III,  398 

Nuts Ill,  285 


Oak  Ties Ill,  350 

Oakum,  Use  of— in  Car  Wheels IV,  198 

Cannes XI,    10 

Obedience,  Necessity  of H,    18 
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Obedience,  Necessity  of— in  Railway  Service VI,    17 

Objections  to  the  Locomotive I,  394 

Observation  Car,  American— Hhist ration I,  228 

"  End  of  Ca.T— Illustration,  Plate  II 1, 116-117 

Odvssey -^^'    ^^ 

Office  and  'La.horatoiy— Illustrations I,  274,  275 

"      Audit— Goods  and  Mineral— English VI,  329-331 

Blue  Printing I^  2"8 

Booking— Meaning  of  Term IV,  315 

"      Car  Accountant's VI^    67 

"      Draughting. . .  = I^  278 

Mechanical  Engineer's ; 1,  2<8 

"      Station  Ledger— English VI,  331,  332 

Supplies,  Ordering VII,  18G 

"      Tenure  of— in  Railway  Service 11,  100 

"      The  Treasurer's X,  257-290 

"      Ticket  Auditors X,  121 

Offices,  Association  of— in  One  Building— Its  Result. .  .1,  278,  279 

"      Concentration  of Ii  279 

"      Destruction  of— by  Fire IX,  342 

"      Filling II,  23, 133,  134 

Petty 111.417 

"      Great— Intellectual  Requirements  of II,  120 

"      Grouping  of— in  Laboratory I,  278 

"      Ticket— List  of  Supplies  Required  at V,  593 

"      Train  Order— Signals  at IV,  391 

Officer,  Accounting— Assistants  of II,  283,  284 

"  "  —Authority  of II,  291 

«  «  —Discretion   of II,  289 

«  "  —Duties  of II,  272-305 

"  "  —His  Relation  to  Other  Officers. .  .II,  291,  298 

"  "  —Meaning  of  Title II,  141 

—Office  of V,  69,    70 

«  "  —Relation  of.  to  ^Manager 11.299-301 

«  «  "  "     '^  Treasurer IL  192,  193 

»*  "  —Requirements  of V,  72-74 

—Title  of VII,  249 

"        Audit — of  Passenger  Accounts V,    81 

Chief II,  133 

''  "      :sranaging— Dignity  of IT,  14o 

The  Railway— Characteristics  of II.  167 

Officers,  Ability  of ;  •  .;^-  •  ?!'  -^^i 

"        Accounting V,  507;  VI,  18 ;  X,  48,    49 

"  •'  — Association  of  American  Railway 

VI,  92;VII,348,  458,465,467,535;  II,  278 

"  "  —English II,  274 

"  "  — Knowledge  Possessed  by X,    64 

"        and  Employes,  Relations  Between II,  27,    28 

"        AssociationVof— with  Employes I,  225 

'•        Classilication  of 11,306 
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Officers,  Departmental ^ II,  200 
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Duty  of V,    70 

Organization  of 11,173-176 

"                     "           Relation  of — to  the  Accounting  De- 
partment   II,  290,  305 

"  Differences  in  Cost  of— iu  Different  Countries,  1 II,  146 


GENERAL  INDEX.  229 

PAGE 

Operatin^,Difflenlties  of II,  lis 

Expenses II,  109 

"Operating;:  Expenses"  Account VII,  526 

Oi)eratino- Expenses,  Apportionment  of  —  as  Between  Pas- 
senger and 
Freight  B  u  s  i  - 

ness X,  154-175 

" —to  Divisions 

VII,  500-524 

Charges  to VII,  456 

"  "         Definition  of X,  179 

Fixed.    111,413-426 

"  "         Official  Classification  of VII,  472-499 

**  "         Reduction  of II,    27 

"  "         Relative  Cost  of — for  Steam  and    for 

Electricity I,  515 

"  "         Value  of  Classification  of X,  142-147 

—What  The\^  Include X,    62 

"  Force,  Government  of II,    71 

"  "       Org^anization  of II,    71 

"  Lever — Illustration^  Plate  II. 1, 116-117 

''Operating  Marine  Equipment" VII,  491,  492,  522 

Operating  Officers,  Duties  of VII,  264 

"  Percentage  of  Total  Cost  of — Due  to  Maintenance 

of  Organization     and  the  Prevention  of  De- 
struction of   Propert}^  from  Natural  Causes 

III.  493 

"  Reductions  in  Cost  of X,  145,  146 

"  Rod,  for  Release  Valve — Illustration I,  541 

"  Separation  of  Ownership  from II,    46 

''  the  Train  Air  Signal — Instructions  to  Trainmen 

I,  376 

Operation,  Cost  of — Eftect  on  Rates II F,  466 

"     " —Upon  What  Dependent 111,383-412 

"  Influence  of  Facilities  on ill,  427-332 

"  of  Railroads  by  Owners 11,40,41,    44 

"  "  "  Questions  Regarding  the I,  34,    35 

"   the  Sweeney  Brake 1,383 

Operations  of  Engineer's  Brake  and  Equalizing  Discharge 

Valve I,  349-352 

"  "   the  Pump  Governor 1, 352-356 

"    ^        "     "    Train  Air  Signal I,  362 

"  "   Triple  Valve 1,337-346 

"  Railway— First  Days  of I,  234 

"  "        — Inauguration  of, in  America I,     28 

"  "        — Necessities  of,  in  America I,  152 

Operatives,  Impecunious II,  195,  229 

Operators,  Telegraph — Examination  of IV,  329 

—Rules  Governing IV,  435-439 

Opportunities  of  Those  Who  Work  for  Railways IX,  11-19 


230  GENERAL  IXDEX. 

PAGE 

Opposition ,  Eft'ect  of I,  227 

Order,  Inauguration  of XI,    29 

"        Maintenance  of XI,    31 

Orders.     (See  also  "Kequisitions.") 

Coupon— Englisii V,  239 

Disobedience  of IV,  329 

Exchange    V,  205 

Execution  of VI,  108 

Filing IV,  333 

for  Switching VI,  255-258 

"    Wages X,  205,  231 

*'        General — Issuing IX,    41 

Material— Details  of VII,    83 

—Excessive    VII,    64 

—Filling VII,  177,  179 

"  *'        — forBrasses VII,  137 

"    Tools VII,  ]  52 

—Foremen's VII,    83 

"  "        —How  They  Differ  from  Requisitions..  VII,    77 

"  •'        — Xecessitj^  of  Promptness  in  Filling. .  .VII,    53 

«  "        -Notations  on VII.    84 

—Numbering VII,    87 

—Passing  Upon VII,  6G,    67 

—Preservation  of VII,  84.  311 

"  "        — Eules  Governing VII,  77-88 

—Writing VII,  177,  178 

on  Paymasters VII,  411-413 ;  IX,  400,  401 

for  Guaranty  Premiums IX,  171,  172 

"       Payment  of — by  Agents IX,  180 

"        Specific — Reiteration  of IX,    33 

Telegraphic IV,  383-400 

Ticket— Agents' ...Y,  146-150 

Train IV,  358,  359 

"      —Details  of IV,  84-86 

"      —Forms  of IV,  465-478 

"      —Miscellaneous IV,  376-383 

''      —Precedence  of IV,  395 

"      —Repeating IV,  397 

Transmission  of IV,  385-388 

Written IV,  395 

Orderliness,  Necessity  of II,  21,     22 

Ore  Oar — Illustration I,  162 

"     Weighing — Rules  Governing VI,  149 

Ores,  First  Use  of I,  132 

Organization,  Changes  in  Personnel  of Ill,  416 

Cost  of Ill,  468 

''     "   Maintaining 111,464 

*'  Department  of  Equipment II,  305a-305>' 

"  Details  of  Railway II,  128-140 


GENERAL  IXDEX.  281 

PAGE 

Organization.  Diversity  in — of  Different  Corporations. . .  .II,  125 
Efficient— Good  Gov't  Dependent  on . .  .II,  122-127 

Expenditures Ill,  414 

"  Expenses  of Ill,  425 

Fixed  Expenses  of Ill,  469,  470 

for  the  Care  of  Cars 1,  270 

General  Outline  of II,    70 

"  Impersonal — of  Railways II,  127 

''  Labor — of  Car  Repair  Shops I,  276 

of  Accounts IX,  46;  X,  35-59 

"  Methods  of— Origin  of II,  125,  126 

of  Labor I,  237 

"  "       "      in  Locomotive  Repair  Shops 1,267 

"  Repair  Shops I,  264 

"  "   Corporate  Property II,  58,    59 

"  Railroads,  About  Shops I,  229 

"   Railways II,  110,  120,  ]43,  153;  V.  321 

"  "  Roadway  Department III.  25S-260 

"   Shops 1,237.283,284 

"  "   Supply  Department VII,    70 

"  the  Freight  Service VI,  11, 12,    22 

"  Preservation  of  Nucleus  of Ill,  464 

Principles  of II,  91-95 

**  Railway II 

"  Systematic 11,125 

Organizations,  Builders  of II,  126 

Elasticity  of 111,420,421 

Power  of II,    39 

"  Railway — Rivalry  in II,  124 

Organized  Civilization I,  136 

Labor II,    IS 

"      Strength  of II,    40 

Origin  and  Development  of  Great  Manufacturing  Plants. .  .1,  127 

"  "    Evolution  of  Transportation XI 

of  Railways Ill,  110 

"    the  Brake I,  291 

Oscillation  of  Pipes I,  381 

Osiris  XI,    10 

"Other  Expenses " . . .  .VII,  479.  484,  485,  495,  497,  516,  518,  523,  524 

"Other  Supplies  for  Locomotives" VII,  486,  519 

Outlaj%  Comparisons  of I,  287 

Shop— How  Reduced I.  287 

"Outside  Agencies" VII,  493,  522 

Outside  Body  Transom  ViWuY—IUnstration,  Plate  11  ..L  116-117 
Brake  Beam  Yn\cY\\m—IHuf^tratwn,  Plate  II.  .1, 116-117 

"         Casing— Illustration,  Plate  II.   I,  116-117 

Connecting  Hot}— Illustration,  Plate  II 1, 116-117 

Cjdinders L  46,    87 

Hung  Brake o I,  379 

"        Nailing  Stn^^IUustration,  Plate  III 1, 170-171 

•3S  vol  19 


232  GENERAL  INDEX. 

PAGE 

Outside  She&thin^-Illusirations,    |  J|^[^  111.1  ^  ' ^,^..1,  170-171 

"        Tr&nsom— Illustration,  Plate  II 1, 116-117 

"  "         Plate — Illustration,  Plate  II 1, 116-117 

Wheel  Piece  Vlate— Illustration,  Plate  II 1, 116-117 

"  "      Plate— Illustration,  Plate  II I,  116-117 

Window  'Molding— Illustration,  Plate  II 1, 116-117 

^il\— Illustration,  Plate  II 1, 116-117 

Ovens,  Core I,  257 

Overcharge  Books IX,  364,  365 

Claims,  Interline— Settlement  of VI,  298-300 

Overcharges,  Auditing — by  Traveling  Auditors IX,  285,  286 

Claims  for II,  242;  VI,    18 

"  Disposition  of IX,  364-366 

Freight IX,  124-126 

"  "      —Prevention  of IX,    59 

"  Receipts  for  Refunded VI,  265 

Record  of IX,  124. 125;  VI,  261-263 

"  "        "   Refunded VI,  265 

"  Refunding    IX,  125, 126,  324 ;  X,  118 

Returns  for VI,  261-263 

Settlement  of  Claims  for VI,  283,  293 

Over-Construction II,  110 

Overflow,  Injector— Illustration^  Plate  I I,  58-59 

"        '  Fipe— Illustration I,    60 

Overhang  Truss  Rod.  Queen  'Post— Illustration^  Plate  II 

1,116-117 

"  "        '•      §,eat— Illustration,  Plate  II I,  116-117 

Overhead  Hot  Air  System I,  257 

Runways I,  256,  260,  275 

Traveler I,  246 

Wires 1,463 

Overloading II,  242 

Cars I,  205;  VI,  23,    24 

Over-Production  of  Railways,  Effects  of VIII,  19,  187 

Over-Reductions,  Avoiding— Instructions  to  Engineers 1,  368 

Overshooting — Meaning  of  Term IV,  319 

Owner,  Interest  of —in  Employe II,    14 

*'       Interests  of 11,    15 

Owners • HI,  34,  38,    45 

"        Characteristics  of Ill,    79 

"        Conservatism  of Ill,    77 

Grievances  of Ill,  472-475 

''        Necessity  of  Statistics  to X,    31 

"        of  Cars,  Mileage  Allowed II,    45 

"         "    Private  Cars II,    46 

"        Operation  of  Manufactories  by II,    44 

"  "  "   Railroads  by II,  40,  41,    44 

''        Private — Management  of  Corporations  bv  . .  .HI,  57,    58 
Railway 11,45;  111,60,61,63,429;  VIII,  15,    33 


GENERAL  INDEX.  233 

PAGE 

Owners,  Railway — Capacity  of VIII,  170 

"  —Characteristics  of VIII.  303-305 

—Methods  of VIII,    33 

—Relation  to  Public VIII,  196 

"  "  — Right  of,  to  Manage  Their  Properties. . . 

VIII,  161 

"  "  — Their  Interest  in  Safety  Appliances 

IV,109,  110 

"        Relation  of— to  Employes Ill,  472-475 

"        — Their  Incentive  to  Foster  Business Ill,  425,  426 

Value  of  Returns  to II,  285 

Ownership,  Changes  of II,  139 

"  Government.     (See    also   "  Government   0\vner- 

ship'') Ill,    45 

—in  France 111,46,    47 

—Objections  to VII,  11,    12 

of  the  Soil XI,    30 

Private— Evolution  of XI,    38 

''      —of  Realty XI,    30 

Railway , II,    74 

Separation  of — from  Operating II,    46 

Oxidation,  Effect  of Ill,  272-279 

Prevention  of 111,273,  274 


Packages,  Baggage— Fastening V,  325 

"  Carriage  of — by  Conductors IV,  406 

Express— Unclaimed. . .    V,  346 

Packing,  Metallic I,  85,  381 

'PUton— Illustration^  Plate  I I,  58-59 

"  Pump I,  381 

**  "        Vinton— Illustration,  Plate  I 1,58-59 

Pad,  Expansion— /??ws<m<io?i,  Plate  I I,  58-59 

Paint  Room I,  274 

"      Shop,  Freight  Car I,  271 

'^         "       Passenger  Car 1,271: 

"  — Cross  Section— nZ»,s/roY?on... I,  269 
"  —End  Elevation— //^^s^/m//on,.. I,  269 
"    — Side  Elevation— ///u^'//•«7/o)^.. I,  267 

"      Shops 1.251,252,257.272-274 

"      Material  at VII,  309 

"      Storing VII.  293 

Paints Ill,  481,  482 

"      Tests  of I,  277 

'*      Use  of— by  Railways VII,  214 

Painting  Locomotives I,  252 

Palace  Car,  American— Apartments  [n— Illustration I,  223 

"  "    An  Apartment  in— /^^".s/r«/to/i I,  222 

"         "    Companies 1,196-190 


234  GENERAL  INDEX. 

PAGE 

Palace  Car,  for  Day  and  Ni»ht  Use— American — Illustration 

1,224 

"    Interests,  Growth  of I,  199 

"    Popularity  of I,  201 
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"  Supervision  of , II,    16 

'■'  Unclaimed — Collections  for VII,  414 

—Disposition  of,  by  Carrier V,  342-346 

Warfare  on Ill,    73 

—What  It  Represents VII,    22 

Properties,  Consolidation  of II,    27 

Proprietors,  Grievances  of Ill,  472-475 

Relation  of— to  Employes III.  472-475 

Proprietorship  of  Man  XI,    12 
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Prosperity Ill,    10 

*'  of  Employes,  Bases  of II,    57 

Proxies,  Giving Ill,    81 

Prudence,  Necessity  of — in  Handling  Requisitions VII,    71 

Public  Auditors,  English II,  275 

"       Corporations II,    vi 

"      Criticism,  Effect  of — on  Kailway  Managers V,  358 
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"      ''  Rates  /. VIII,  39,  228 

"      Relation  of  Railways  to IX,     13 

"Puffing  Billy,"  1813 1.  22,  23,     42 

"  "  "     —Tllustration I,    22 

Pull,  Deck  Ssi^\\— Illustration^  Plate  IT 1, 116-117 

Pulley,  Ch2i\n—BQYt\i— Illustration^  Plate  II I,  llG-117 

Pullman,  George  M 1, 193,  198,  199 

Palace  Car  Company 1, 147, 19G-1 99 ;  VI,    73 

"        Service I,  202 

"        Vestibule I,  198 

Pump,  Air I,  292,  308,  815,  320,  336,  485,  also  Vol.  XII 

"  —Illustration I,  539,  also  Vol.  XII 

"  "   Cylinder  Bvsi\iQ— Illustration^  Plate  I I,  58-59 

"          "  — Instructions  to  Euginehouse  Foremen  and  In- 
spectors   I,  328 

"  "  —Testing I,  328 

"  — AVestinghouse I,  538 

"        Connection — Illustration.  Plate  I.  I,  58-59,  also  Vol.  XII 
"        Exhaust  Connevtion— Illustration^  I,  58-59,  also  Vol.  XII 

Failure— Cause  of I,  366 

"        for  Compressing  Air I,  334 

Governor I,  309,  315,  336,  538 

"  —Illustration I,  539 

"  Duplex— Illustration I,  355 

"  "  Improved — Illustration I,  354 

"  "  — Instructions  to  Engine  House  Foremen 

and  Inspectors I,  328 

Operations  of 1,352-356 

"       Inspectors Ill,  259 

"        Lubricator,  Air — Illustration^  Plate  I    I,  58-59 

Packing 1,381 

"        Piston  Facking— Illustration^  Plate  I I,  5S-59 

Steam 1,244,298 

"       Connection— ///»^s/>-«//on,  Plate  I I,  58-59 

Cylinder  Brake— /^/H«^r«7/o»,PZafe  J 1,58-59 

"        Stopped — Instructions  to  Engineers I,  366 

"        Throttle,  Air— Illustration.  Plate  I I,  58-59 

"        Valve  Case — Illustration,  Plate  I I,  58-59 

Pumps,  Air I,  384 

"  —Location  of I,  381 
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Pumps,  Air — Steam  Unions  of  I,  381 

Punches,  Baggage V,  485 

Ticket V,  198, 199,  202  ;  IX,  118,  119 

Purchasing  Agent. . .    II,  138 

Character  of 11,261,262,268 
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"  "       Opportunities  of 11,263 

"  "       Selection   of 11,266 

**  Agents,  Relief  Vouchers  Made  by IX,  371 

"  "       Requirements  of VII,    49 

"  and  Sales  Agent II,  260-271 

Purlins I,  212 

Pursers,  Receipts  Given  by VI,  220,  221 

Purveyors II,    42 

Push  Button,  Electric — Illustration^  Plate  II. 1, 116-117 

"     Car,  ILight— Illustration I,  147 

"     Cars I,  261,262,  275 

"     Rod — Illuatration , I,  541 


Qusidrsint— Illustration^  Plate  I , I,  58-59 

Quadrireme XI,  108 

Quantity,  Influence  of — on  Rates VIII,    53 

Quarter  Phase  System I,  425 

Quartermaster-General's  Ottice,  Transportation  for V,  144 

Quayle,  Robert I,  52,  235,  236,  333 

Queen  Post — Illustration^  Plate  III. 1, 170-171 

"         "    Overhang  Truss  Rod — Illustration^  Plate  II 

1,116-117 

Question  Box I,  228 

"      Use  of IV,  305,  306 

Questions,  Discussion  of I,  228,  229 

Quick  Action  Brake I,  310,  311,  324,  373 

"      Cylinder I,  312,  313 

Triple  Valve 1,343-346 

"    —Illustration 1,344 

"    Result  of  Defective I,  365 

Quinquereme XI,  108 


Race,  The  Turanian XI,    57 

Rack, Basket — Continuous — Illustration,  Plate  II 1, 116-117 

"      Rail  Locomotive— Blenkinsop's,  1811— Illustration. .  .1,    21 

Racks 1,259,  274 

"      for  Storing  Damaged  Articles I,  272 

Radial  Stay  Bolts — Illustration^  Plate  I I,  58-59 

Radiating  iPipe — Illustration IV,  158 

Radiation,  Loss  of  Heat  by I,    74 

Radiators,  Seat — Illustration,  Plate  II 1. 116-117 

Radicalism VII,    19 
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Rafter — Illustration,  Plate  II 1. 116-117 

"      Cornices — Illustration,  Plate  II I^  116-117 

Rafts,  Use  of— on  Tit^ris XI,    80 

Raids,  Occurrence  of XI,    36 

Rail, Action  of — on  Tie — Illustration HI,  321 
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A.  D.  IS31— Illustration ' Ill,  199 
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Ill,  190 

"     Body,  Hand  or  Grsib— Illustration.  Plate  II 1, 116-117 
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III    238 
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—Side  Door— Illustration,  Plate  III 1, 170-171 

"     Box— A.  D.  imo— Illustration III.  258 
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Illustration Ill,  251 
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1889— Illustration Ill,  309 

"     Camden  &  Amboy  Railroad — A.  D.  1848 — Illustration.. 

Ill,  237 

"     Cap  Be\t—IUustration,  Plate  II I,  116-117 

"     Carlisle's  Wrought  Iron— A.  D.  1811— Illustration. .  .Ill,  188 

"     Chair,  Invention  of Ill,  177 

the  First— Xew-Castle-on-Tyne,     A.    D.    1797— 

Illustration HI,  177 

"     Chairs HI,  332,  341 

"      Useof 111,374 

"         "      Compound — Xew  York  Central  Railroad,  A.  D. 

I800— Illustrations Ill,  252,  253,  255 

"         "      —Troy  Union  Railroad,  A.   D.  1855— ///»s/m- 

tions 111,251,257 

"    Designed  by  Robert  L.  Stevens— A.  1).   1830— Illustra- 
tion  HI,  197 

'^    Double-Headed HI,  200 

"     Early  Methods  of  Strengthening  the HI,  180-182 

••     'End— Sea.t— Illustration,  Plate  II. 1, 116-117 

"    English  Fish-Belly — Xew  Jersey  Railroad,  A.  D.  1832 — 

Illustration HI,  203 

"     Erie— A.  D.  18b7— Illustration HI,  268 

•'     Evolution  of  the. . .  .1, 163, 164;  II,  212;  HI,  126, 175-178,  204 

''     Fastenings 111,197,  198 

*    First  Rolled  in  America — Baltimore  &  Ohio  Railroad — 

Illustration HI,  233 


258  GENERAL  INDEX. 

PAGE 

Rail, Flat-bottomed Ill,  200 

"     Yoot— Illustration^  Plate  II I,  116-117 

"    Froij;,  AYoocVs— New  Jersey— A.  D.  \^oS)— Illustration . . 

Ill,  276 

"     Girder I.  462 

Great  Western  Railway— A.  D.  lSo7— Illustration. .  .Ill,  265 

Hand — Illustration^  P'late  I I,  58-59 

jjetton — 1824 — Illustration ...  Ill,  191 

Importance  of 111,126,  127 

Jessop's  Cast  Iron  Fish-Bellied— A.  D.  17S9—Illustra. 

tion Ill,  177 

Joint,  A.  D.  ISSS— Illustration Ill,  307 

—RemfoTcec}— Illustration Ill,  338 

Showing  Action  of  the  Wheel  On— Illustration 

Ill,  339 

Joints HI,  334-347 

"       Effect  of  Depressions  in Ill,  341 

Latrobe's  Compound — Baltimore  &  Ohio  Railroad — A. 

D.  1841— Illustration III,  231 

LeCann's  Tram— Wales,  A.D.  1801— Illustration ...  .111,  180 
Lehigh  Valley  Railroad— A.D.  1890— Illustration..  .111,  326 
Long  Island  Railroad— A.  D.  185b— Illustration  . . .  .Ill,  247 
Losh  &  Stephenson's— Stockton  &  Darlington  Railroad 

—A.D.  18\Q— Illustration Ill,  189 

Lower  Wainscot — Illustration^  Plate  II 1, 116-117 

"Meat  Yard"  Pattern— A.  D.  1881— Illustration Ill,  302 

Middle  Boor— Illustration,  Plate  II 1, 116-117 

"        —Side  Door— Illustration,  Plate  III 1, 170-171 

New  York  Central  Railroad— A.  D.  1855— Illustration 

Ill,  248 

&  Erie  Railroad— A.  D.  1855— Illustration 

Ill,  249 

Notched  or  Rack .1,    22 

of  Frame — Lower — Illustration,  Plate  I I,  58-59 

Pear-Headed— A.  D.  1853— lUustratiou Ill,  242 

Pennsylvania  Railroad— A.D.  1857— Hhtstration  . .  .Ill,  266 

Platform — Illustration,  Plate  II 1, 116-117 

Proposed  by  D.  Chiiwnte- A. Tf.  1874— lUustration^lU,  290 

Rectangular— A.  D.  1838— Illustration Ill,  224 

Saratoga  &  Schenectady  Railroad— A.  D.  1855— lUustra. 

tion Ill,  250 

^\\Q?ii\img— Illustration,  Plate  II 1, 116-117 

Standard— A.  D.  18Q8— Illustrations Ill,  282,  284 

"        —A.  D.  1870— Illustrations Ill,  286-289 

"        —A.T>.  187  5— Illustrations 111,291-293 

"        —A.  D.  1879— Illustrations Ill,  294,  297 

—A.  D.  1880— Illustrations Ill,  298,  299 

"         _A.  D.  1881— Illustration Ill,  300 

"         —A.  D.  1885— Illustration Ill,  303 

—A.  D.  188G— Illustration Ill,  305 
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Kail,  Standard— A.  D.  ISSl—IUusfration Ill,  306 

—of  Belgium  Government— A.  D.  ISSQ—Ilhis. 

tration HI,  310 

—A.  D.  1S90— Illustrations HI,  323,  324,  325 

"         —A.  D.  lS97~-Ilh(st rations Ill,  345,  346 

''    Stephenson's  Fish-Bellj^— Manchester  &  Liverpool  Rail- 
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•'    "Stevens" 111,200 

•'  '•  — A.  D.  1854 — Illustration HI,  244 

—France,  A.  D.  1SS8— Illustration HI,  308 

"  "         — Great  Western  Railway  of  England — A.  D. 

185S— Illustration HI,  275 

"  "         —Supported  by  Cast-Iron  Chair— A.  D.  1837 

— Illustration IH,  220 

"  "         — Vicksburg  &  Jackson  Railroad— A.  D.  1841 

— Illustration HI    227 

"  "         —Western  Railway  of  France— A.  D.  1855— 

Illustration HI,  259 

"    Strap— Albany  &  Schenectady  Railroad— A.  D.  1837— 

Illustration HI,  223 

"    —Baltimore  &  Ohio  Railroad— A.  D.  1833— Illus. 

tration HI,  208 

"     Strength  of I,    64 

"    The  First  Iron Ill,  176 

''    Third T,  464,  465 
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"      **      Side  Door— Illustration^  Plate  III. J,  170-171 
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"    Use  of — by  the  Romans I,  163 

"     "Yignoles" Ill,  200 

'•    Weight  of I,  165 

Placed  on I,    64 
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— Illustration HI,  184 
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tration HI,  181 

Rails 11,269;  111,  301;  VII,  464 

"      Accounting  for VII,  296 

"      Action  of  Car  Wheels  on IV,  211-213 

''      Cast Ill,  176 

"      Changing HI,  241 

"       Charging VII,  296 

"      Cost  of  Keeping  in  Order Ill,  423 

"      CreepiDg  of Ill,  333,  339 

"      Curving Ill,  214,  215 
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''      Rolled Ill,  176 
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'•      Shipping VII,  191 
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"      "Strap" HI,  176 
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"      The  First Ill,  HO 
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Rails,  Unloading Ill,  241,  242 

Unused— Life  of Ill,  275-277 

"      Use  of  Sand  on I,  313 

"      Used  in  Street  Railway  Construction .1,  462 

"     —Life  of 111,275-277 

"      Weak  Spots  in Ill,  341 

"      Weiglitof 111,178 

"      Worn Ill,  430 

"      Wooden Ill,  175,  176 
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Railing  Ch'3i\T ^^I'^if orm— Illustration, Plate  II 1, 116-117 

"        Post,  Base  Washer  for— Illustration^  Plate  II. .  J,  116-117 

"  "     ^\2itlOYm— Illustration^  Plate  II 1, 116-117 

Railroad.  (See  also  "Railway"  and  "Railways."') 
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on .' I,  189 

**         Decauville's I,  215-225 

"         Eauipmentofa 1,237,238 
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Chicago  &  Northwestern Ill,  89, 183,  184 

Chicago,  Milwaukee  &  St.  Paul Ill,    88 

"         City  &  South  Loudon— Use  of  Electricity  on I,  505 

Classification VII,  453-471 

"         Colleges,  Establishment  of II,  222 
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VII,  484,  517,  518 

"Repairs  and  Renewals  of  Telegraph" VII,  478,  479,  515,  516 

"Repairs  and  Renewals  of  AYork  Cars" VII,  482,  483,  517 

Repairs,  Buildings  and  Machinery  for  Making I,  239 

Freshet Ill,  285 

Made  in  Roundhouses I,  239,  240 

"Repairs  of  Dining  Cars". VII,  301 

Repairs  of  Cars I,  271-279,  382 

"  Locomotives I,  237,  247,  267,  382 

"Repairs  of  Roadway" VII,  473-475,  514 

Repairs  of  Roadway  and  Track Ill,  284,  285 

"        Petty— Articles  for  Making I,  270 

Spring Ill,  239 

—Why  Required , I,  231 

Winter Ill,  247 

Repairers,  Car I,  270,  271 

Repairing  Triple  Valves I,  382 

Report— Lse  of  the  Word V,  142 

Reports,  Locomotive X,  100-108 

Ticket— Auditing . .  .X,  128-133 

Traveling  Auditors' VII,  433 ;  IX,  277-283,  287,  288 

Reporting  Defects  to  Inspectors — Instructions  to  Trainmen.. 

I,  327 

Representatives  of  Investors Ill,  82-84 

Requests  for  Time  Tickets VII,  405,  406 ;  IX,  390 

"         Government — for  Transportation V,  144-146 

Requirements,  Conformity  of  Cars  to I,  203 

of  Those  Who  Work  for  Railways IX,  11-19 

Requisitions.    (See  also  "Orders.") 11,292;  VII,  70-90 

Alterations  in VII,  61,    80 

Approval  of VII,  73,    74 

Cancellation  of VII,    SO 

Certification  of VII,    79 

Classes  of VII,    70 

"  Countersigning VII,  62.  63,    78 

Delay  in  Filling VII,  49,  50,  72-74 

Different  Methods  of  Handling VII,    72 

"  Discretion  Exercised  in  Filling VII,    60 

Filling VII,    79 

"  for  Postage  Stamps X,  287 
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Bequisitions  for  Tickets  V,  123-127 

"      —English V.  240.  241 

"    Hotel  Supplies .VII,    87 

"  "    Manufacturing  Material VII,  323 

"    Oil VII,  119 

"    Posts VII,    83 

"    Rails VIT,    83 

'•    Stationery VII,    86 

"    Ties VII,     83 

"    Timber VII,    83 

"    Time  Tickets VII,  400 

Fuel VII,    85 

—How  They  Differ  from  Orders VII,    77 

Information  Afforded  by VII,    70 

Making VII.    57 

"  Numbering VII,    87 

—on  Whom  Made VII,    70 

**  Passing  Upon ...VII,  GG,    67 

*'  Preservation  of VII,    84 

''  Prevention  of  Excessive VII,    78 

**  Principles  Governing A^II,  71-77 

Records  of VII,    83 

Rules  Governing VII,  77-88 

Signing VII,  62,  63,    78 

"  Times  for  Making VII,  78,    79 

Reserve  Fund Ill,  461,  462 

Reservoir,  Air I,  292 

"    Storage 1,244,262 

Auxiliary I,  306-308,  324,  325,  335,  336,  356-361 

( I,  540,  541 

"  "         — Illustrations y  ]  Plate  II 1, 116-117 

(Plate  III I,  170-171 

—Charging 1,371 

"  "         —for  Driver  Brakes— Illustration I,  539 

"         —Ratio  of,  to  Brake  CyVmdeT—IUustra. 

tions I,  357-359 

Block— I??Msfra flow,  Plate  III 1, 170-171 

Brake  YaWe— Illustration,  Plate  I I,  58-59 

Car,  for  Liquids— French— i//usfr«Yi"o?i I,  164 

Cock I,  324 

Equalizing — for  Engineer's  Valve — Illustraiion.J,  539 

"  for  Compressed  Air I,  305 

"  in  a  Gas  Plant I,  438 

Main I,  309,  334-336,  380 

"  "      —Illustration 1,539 

Oil I,  101 

"  Steam — on  Locomotives I,    76 

Reservoirs I,  315 

"  Auxiliary — Draining I,  332 

"  "         —Exhausting  Pressure  from I,  377 
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Reservoirs,  Auxiliary— Rechargin<? I,  327 

Drainino- I,  329,  330 

for  Oils 1,245 

Resistance I,  484 

"  Comparative — on  Highways  and  Railways. .  .Ill,  113 

**  Measure  of I,  401 

of  Circuit 1,415,416,432,433,475,470 

Tractive I,    64 

—  Upon  What  Dependent 1,  398 

Responsibilities,  of  Directors II,  130 

Responsibility,  Concentration  of I,  284 

Division  of II,  113 

—Its  Effect  on  Wages II,  102 

"  of  Inspectors — Instructions  to  Car  Inspectors 

I,  333 

"  Railway  Management II,  67,    08 

Rest,  Arm— Illustration,  'Plate  II 1. 116-117 

"     Hand  Brake— Illustration,  Plate  III 1, 170-171 

"     Seat  'End— Illustration^  Plate  II 1, 110-117 

Retainer  Stopped  Up — Instructions  to  Trainmen I,  375 

Retaining  Chain,  Face  Flate— Illustration,  Plate  II 1,  116-117 

Valve I,  375 

Return  Bend— Illustratio7i.  Plate  II 1, 116-117 

Local  Ticket— Monthly V,  162, 164-107 

Monthlv— Interline  Ticket V,  167-109 

Useof  the  Word V,  142 

Weekly— of  Interline  Ticket  Sales V,  167 

"   Ticket  Sales V,  103,  104 

Returns.    (See  also  "Reports.") 

Agents^— English.    .  -  VI,  324-326 

Auditing II,  285 

Baggage V,  337-341,  432 

Baggagemen's V,  434,  435,  446,  447 

"         Cash  Fare— Rules  Governing V  218-221 

—Channels  Through  Which  They  Pass X,  86-90 

"         Coaching— English V,  252-259 

"         Conductors —of  Freight  Loaded VI,  310-312 

Hauled VI,  179,  180 

Corporate IX,  219 

"         Daily— of  Freight  Earnings VI,  243-247 

"    Milk  Shipments VI,  250 

Division  of X,  00-02 

Errors  in V,  170 

"         Examination  of II,  285 

"         Excess  Baggage X,  134 

"         Express  Traffic V,  545-548 

—Ferrv  Collections VI,  221,  222 

for  Mineral  Traffic— English VI,  320,  327 

Freight VI,  314 

"'^     -Auditing X,  109-120 
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Keturns.  Fuel VII,  332-336 

Functions  of II,  284 

_How  Often  They  Should  Be  Made X,  45-59 

"         Interline  Excess  Baggao:e V,  482 

Traffic— English V,  261,  262 

Junction— of  Interline  Way  Bills VI,  241,  242 

Milk VI,  247,  248 

**         Miscellaneous  Freight  Collections  Not  Waybilled . . 

VI,  218,  219 

Monthly— of  Book  Milk  Ticket  Sales VI,  252 

''  "  "    Comodities,  for  Freight  Forwarded . . 

VI,  272-274 

"  "  "  for     Freight     Waybilled 

Through  from   Sta- 
tions on  Other  Kail- 
roads...  VI.  274-276 
*'  '*  -'    Excess  Baggage — Eules  Governing.. 

V,  507-512 

"  "  ''    Milk  Ticket  Sales VI,  251 

"    Unref unded  Charges VI,  265,  266 

of  Conductors V,  216-222 

"          "    Freight  Forwarded  After  Having  Been  Manipu- 
lated in  Transit VI,  270 

"  "  "       Received  to  Be  Manipulated  in  Transit.. 

YI,  269 

"    Interline  Way  Bills  Passing  Junctions..  .VI,  242,  243 
"          "    Milling.  Cleaning  and  Shelling  in  Transit  .  ..VI,  267 
"          "    Monthly  Abstracts  of  Interline   Way   Bills  Re- 
ceived  VI,  230,  235 

"          "          "               "             "    Local     Way    Bills    For- 
warded  ..  ..VI,  230,  232 
"          "               "             "Local   Way  Bills    Re- 
ceived  VI,  230,  233 

Summary  of  Local  AVay  Bills.  .VI,  238,  239 

"    Overcharges VI.  261-263 

•'    Switching  Charges  Collectible    VI,  260,  261 

•^  "  "         Due  Other  Companies 

VI,  258,  259 

Passenger V,  172,  173 

—Auditing X,  121-134 

"         Purpose  of  Agents'  and  Conductors' V,  156-158 

Railway Ill,    41 

•'  Rendering Ill,  425 

"         Required  of  Agents ..VI,    83 

"   Conductors VI,    83 

Routine  of X,  86-90 

Station  Agents' X,    67 

"       —Passenger— English V,  242-245 

Theory  of X.  63-69 

"         Ticket V,  83,    84 
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Returns,  Ticket— Aiulitinor X,  128-133 

"     —Conductors' V,  221,  222 

"      —Traveling  Auditors' IX,  150 

Triimc— Daily  System  of X,  53,    54 

"      —Monthly  System  of X,    52 

"  "     — Time  and  Manner  of  Making . .  IX,    44 

Train IV,  62-67 

Uniform — Governmental X,  43,    44 

Verification  of 11,288 

Reunions,  Notice  of — to  Officials V,  113 

Revenue  Accounts II,  290 

Baggage V,  63-65 

Collection  of,  II,  186, 192, 274 ;  IX,  20,  23-26, 178,  298,  314 

"    —Responsibility  for IX,    24 

*'         Disbursement  of II,  274 

"  Excess  Baggage V,  455,  457,  460 

—Accounting  for .V,  506-514 

—Collection  of  V,  462-477 

Handling IX,  298 

—How  Derived I,  165,  166 

"         Influences  Affecting Ill,  454 

of  Fast  Freight  Lines VI,    75 

"  "  Transportation  Companies I,  159 

Railway IX,    22 

"       —Collection  of VIII,  23 ;  IX,  7-292 

*'  "       —Disbursement  of VIII,    23 

"  "       —Men  Who  Handle IX,    26 

"  "       — Principles  and  Methods  to  Be  Observed  in 

Handling IX,  20-34 

—Uses  to  Which  Put VIII,    23 

Surplus  to  Build  Other  Lines VIII,  184 

Revenues,  Freight — Protection  of VI.    25 

Reverse  Lever — Illustration^  Plate  I I,  58-59 

Levers I,  286 

Reversible  Seat I,  188 

"  "    American — Illustrations I,  217 

Reversing  Gear I,    49 

"      End  View  of— Illustration I,    90 

"            "      Engineer's  Lever  in  Connection  with — Illus- 
tration   I,    91 

"      Side  View  of— Illustration I,    90 

"  "      Spring  Case — Illustration I,    67 

Lever : I,    91 

"  "       —Illustration I,    60 

"  "       Reach  Bod— Illustration I,    60 

Rod I,    91 

"         Valve  Mechanism I,  308 

Revetments HI,  254 

Revolving  Shaft  . . . .  T I,  441 

Reward,  Baltimore  &  Ohio I,    32 
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Rewards II,  24,  29-31 ;  III,  324,  325;  IV,  24-27 

Rheostat I    410   460 

Rhodes,  G.  W 

. .  .1,  236,  240,  241,  244,  252,  253,  257-259,  260,  262,  276,  279,  333 

Rich,  Ba^^age  of  the V,  413 

Richard  Cceur  de  Leon,  Baggage  of V^  280 

Richmond  Locomotive — Illustration I    144 

Ridge  Pole,  Lower — Illustration^  Plate  III T,  170-171 

Riding  Backward I,  187,  188 

Riebenack,  M V,  17, '  110 

Rig,  Grate  Shaking — Illustration^  Plate  I I,  58-59 

"    Whistle — Illustration,  Plate  I I,  58-59 

Rigging,  Cylinder  Cocks— Illustration^  Plate  I I,  58-59 

"^         Draft I,  210 

"  Grate I,  286 

Throttle I   286 

"Rightof  Way" VII,  464 

Right  of  Way,  Claims  for II,  233 

"       "      "       Cost  of Ill,    45 

"      to  the  Road— Meaning  of  Terra IV,  319,  320 

Rights  of  a  Train — Meaning  of  Term IV,  320 

"        "  Railway  Corporations VII,    27 

"       "   the  Common  Carrier VI,  6,      7 

Rim,  Wheel— Illustration,  Plate  III I^  170-171 

Ring,  Dry  Pipe — Illustration I^    98 

"      for  Russia  Iron  Top— Illustration,  Plate  II 1, 116-117 

"      Joint  and  Wedge — West  Jersey  Railroad — Illustration 

Ill,  245 

"      Mud — Illustration j^    98 

"      Piston  F-a,ckmcr— Illustration l\  341 

Rings,  Curtain— Illustration.  Plate  II I^  116-117 

"       Piston  Packing — Illustration^  Plate  I I,  58-59 

"Riprap" Ill,  254 

Riser — Illustration^  Plate  II. I^  116-117 

"    Platform  ^tep—Illastration,  Plate  II I,  116-117 

Risk,  Influence  of — on  Rates VIII,    95 

"      Premium  Paid  for Ill,    75 

Rivalry  in  Railway  Organizations II,  124 

"        Result  of — Among  Manufacturers 1,146,147 

Rivers,  Changes  in  Channels  of : Ill,  163 

Riveting  Machine,  Hydraulic I,  255,  256 

"'•         Machinerv,  Portable I,  262 

"         Plant,  Hydraulic 1,262 

Rivets I,    75 

"      Use  of— in  the  Boiler I,    74 

Road  Building,  Art  of I,  163 

"      Cable I,  393 

"      Crossings HI,  256,  257 

"Road  Crossings  and  Signs" VII,  464,  465 

Road  Crossings,  Duties  of  Conductors  in  Relation  to.  . .  .IV,  404 
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Kojid  Crossings,  Effect  of — on  Cost  of  Operation Ill,  394 

''  Maintenance  of 111,300 

Equipment,  Electrical I,  462-4G9 

Inspection  of Ill,  248,  249 

Material,  Care  antl  Use  of VII,  106-113 

Charo-es  Collected  for VII,  421,  422;  IX,  426 

Wagons,  Primitive  Application  of  Steam  to XI,  510-520 

"  "  "       "        "  —Illustra- 

tions . . 
XI,  510-520 

Roads,  Creation  of XI,    49 

Electric 1, 489-506 

Necessity  of  Good I,  162,  163 

to  Preferment II,  61,    62 

Tram Ill,  111 

Roadbed Ill,  250,  251 

Chicao-o  &  North-Western  Railway Ill,  353 

'*  "  "  "  "         —Illustration.. 

Ill,  362 

Cost  of  Keeping  in  Order Ill,  422,  423 

"  Drainage  of Ill,  251-255 

"  Effect  of— on  Cost X,  166 

Electric  Railway I,  462 

Preparation  of Ill,  208 

Roadmaster Ill,  259 

Roadmaster's  Division Ill,  259 

Roadmasters,  Requisitions  of VII,    73 

Roadway  and  Track,  Care  of Ill,  206-271 

Construction  of Ill,  206-271 

'^  "         "        Cost  of  Repairs  and  Renewals  of,  III,  284 

"  "         "       Expenses  of — Due  to  Climatic  Causes 

Ill,  291 

"    Traffic Ill,  291 

"       Maintenance  of Ill,  206-271 

"  "         "       Material  Used  in  Repairs  and  Renewals 

of 111,284,  285 

"  Department,  Organization  of Ill,  258-260 

Rules  Governing Ill,  260-271 

"  Maintenance  of II,  211 

"  Superintendent  of Ill,  259 

Robinson,  Doctor XI,  510 

Rock  Cuts Ill,  226 

Rocker — Illustration^  Plate  I I,  58-59 

Arm 1,90,    94 

"        Box— Illustration^  Plate  1 1,58-49 

"       Panels— Illustration,  Plate  II 1, 116-117 

Shaft I,    94 

"      —Illustration I,     60 

Rockers I,  286 

"Rocket "  Locomotive I,    30 
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"Kocket"  Locomotive — Stephenson's.  \^^0— Illustration .  .  ..I,    29 

Rockino-  Grates— Illustration,  Plate  I I,  58-59 

Rod  Balance  ^yfring— Illustration^  Plate  II 1, 116-117 

"  ''      Center  Brake— Illustration,  Plate  II... 

1.116-117 

"    Basket  Bscek— Illustration,  Plate  II I,  116-117 

"     Body  Truss — Illustration,  Plate  II. 1^  116-117 

"     Bush — Illustration.,  Plate  I '.I^  58-59 

''    Connecting — Cylinder  Lever — Illustration,  Plate  II 

1,116-117 

"  "          —Hand  Brake — Illustration,  Plate  II.  .1, 116-117 

"  "          Hodge  Lever— //?u«^ra7/o?i,  P/«^e  //.  ..1, 116-117 

"     '         "  Lower  Brake — Illustration,  Plate  II 1,116-117 

"  *'          to  Truck  Gear— Illustration.  Plate  II.  .1, 116-117 

"  "  Upper  Brake— /^^us^m/io?i,  Plate  II 1, 116-117 

"    Connection,  Main — Illustration,  Plate  I I,  58-59 

"    Counterbrace — Illustration,  Plate  II 1, 116-117 

"     CurtRin— Illustration.  Plate  II I,  110-117 

"    End  Sill  Tie— Illustration.  Plate  II 1, 116-117 

"■  Hog  Chain  or  Overhang  Truss — Illustration,  Plate  II  . . 

1, 116-117 

"    Inside — Connecting — Illustration,  Plate  II 1, 116-117 

"     Main — Illustration,  Plate  I I,  58-59 

"     Operating — for  Release  Vulxe—  Illustration I,  541 

*'     Outside — Connecting — Illustration,  Plate  II 1, 116-117 

"    Pin  IjifteT-Illustration,  Plate  III I,  170-171 

"    Piston 1,329 

''         "        —Illustration,  Plate  I I,  58-59 

"    Platform  Tie— Illustration,  Plate  II 1, 116-117 

"     Push — Illustration I^  541 

"    B.ea.ch— Illustration,  Plate  I I,  58-59 

"    Release  Yalve— Illustration,  Plate  III. 1, 170-171 

"    Reversing I,    91 

'•     Side  or  Parallel — Illustration.  Plate  I I,  58-59 

'•     Sill  and  Tie— Illustration.  Plate  II 1, 116-117 

"     Tie— Illustration,  Plate  II 1,116-117 

"     Seat,  Overhang  Truss— Illust ration ,  Plate  II l]  116-117 

"     Slidino;— Illustration,  Plate  II 1, 116-117 

'*     StSij—Fedestai— Illustration,  Plate  II 1, 116-117 

"     Straining,  Brace  Bod— Illustration,  Plate  II I,  116-117 

"     Tension I,  214 

"     Tie — Safety  Beam— Illustration,  Plate  II J,  116-117 

"    Truss— Transom— /?/«<«^ra^<'on,  Plate  II J,  116-117 

"    L^ncoupling- IZ?Ms/ra^«'on,  Plate  II 1, 116-117 

"    Valve 1,    94 

"        Stem— Illustration.  Plate  I I,  58-59 

"    Vestibule  Door  G\v<ird— Illustration.  Plate  II 1, 116-117 

"     Washer  Brace— Illustration.  Plate  II.     1, 116-117 

"     Window  Curtain— Illustration,  Plate  II I,  116-117 

Rods 1,272,381 
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Kods,  Connecting 1,  92,  384 

"      Corner  Fost— Illustration^  Plate  III 1, 170-171 

"      Counter  Brace — Illustration,  Plate  III 1, 170-171 

""      Door  Po?'t— Illustration^  Plate  III 1, 170-171 

"      Eccentric I,    89 

"  "•  — Stephenson's  Locomotive I,    48 

"      Intermediate  Po&t— Illustration^  Plate  III 1, 170-171 

"      Piston— Pacliing  of I,  381 

"      Kelease I,  378 

''     Stay I,    75 

"      Truss I,  210 

Rogers'  J.ocomotiye—IUnst ration I,  141 

Roll,  Uea-d— Illustration^  Plate  II 1, 116-117 

Rolling  Stock 1, 120,  462 

"Rolling  Stock  " VII,  465 

Rolling  Stock,  Care  and  Maintenance  of I,  238 

"  "       Collections  for  Repairs  of VII,  421 

"  "       Comparison  of  English  and  American 111,148 

"       —Cost  of  Keeping  in  Repair. Ill,  430,  431, 478,  479 

Inspectors  of II,    47 

"  "       Manufacture  of — by  Railroad  Companies,  1, 141-144 

Supervision  of 11,201 

Roman  Cart  Wheel,  Ancient— Ulustration IV,  189 

Romans,  Ratio  of  Silver  and  Gold  Among  the Ill,    12 

Road  Building  by I,    163 

The XI,  25,  146 

Rome XI,    44 

"       Highways  of VII,  216-218 

Roof  Apron— illustration^  Plate  II 1, 116-117 

''      Boards — Illustration,  Plate  II 1, 116-117 

"      Car 1,211,212,214 

"    Line,  Flutform— Illustration,  Plate  II I,  116-117 

'•      Csistin^— Illustration,  Plate  II I,  116-117 

"      CoYeriug;— Illustration,  Plate  III 1, 170-171 

''      Grab  Iron— Illustration,  Plate  III 1, 170-171 

'^      of  Car  Repair  Shops I,  273 

"      "  Roundhouses I,  243 

"      "  Shop  Buildings I,  253 

"      Platform — Illustration,  Plate  II 1, 116-117 

•'      Trusses I,  253,  256 

Roofing,  Corrugated  Iron— Illustration,  Plate  HI 1, 170-171 

Room,  Check I,  266 

"       Dynamo I,  259 

"       Engine I,  259 

Erecting T,  261 

"       Paint I,  274 

"       Smoking L  200 

—Illustration,  Plate  II 1,116-117 

"       Stock  Oil 1,  274 

"       Upholstery I,  274 
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Room,  Yard I,  250.  275 

Rooms.  Core I.  257 

Parcel V,  427-430 

"  "      —Rules  Governing V,  429,  430 

Toilet 1,184,  185 

Rope,  Bell— Use  of,  as  Signal IV,  250,  251 

^diieiy—Eenh— Illustration^  Plate  II 1,110-117 

"      Use  of — b}^  Railways VII,  21 2 

Rotary,  Converter    I,  427 

Disc  Valve I,  329 

Plug I,  309 

"        Power,  Production  of — by  Cugnot I,    18 

"        Transformer I,  427 

"  "  (400  Kilowatt)— I/?H.s'/m/iO)i I,  424 

"  "  Armature  (400  Kilowatt) — Illustration 

I,  425 

"  "  at  Buffalo— Illustration I,  502 

"  "  Xiagara  Power  House  (500  Horsepower) 

— Illustration I,  501 

"        Transformers 1,440,451,452 

"        Valve I,  365 

"      Horizontal 1,308 

"  ''     Vertical 1,308 

Rotterdam  and  Antwerp  Steamship  Company V,  289 

Roumanian  State  Car — Illustration I,  220 

Round  Trip  Card  Tickets V,  94,    95 

Roundhouse,  Design  of I.  241 

Employes I,  229,  271 

Floor  of I,  243 

"  Force I,  247 

Foreman I,  247,  316 

"  Handling  Cinders  at I,  260 

"  Selection  of  Ground  for I,  240 

Roundhouses I,  238-247,  250,  269 

"  Arrangement  of I,  230 

"  Fuel  Stored  at VII,  334 

Location  of I,  237,  240 

Method  of  Heating I,  241 

Route  Agents,  Express V,  539 

Routes,  Surveys  of Ill,  157 

Royal  Commission II,    45 

of  England VI,  69-71 

on  Railways Ill,  169 

Report  of 111,154 
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"  "  —End  Ulexsit'ion— Illustration .  .1,  269 

"  —Side  BlevRtion— Illustration .  .1,  267 

"      Purposes,  Compressed  Air  for I,  384 

"      Supplies,  Inventorying VII,  344 

"      Tank I,  251 

Telephone  System  I,  279 

"       Tin  and  Coirper— Illustration I,  251 

"      Work,  Arrangement  and  Svstemization  of I,  288 

"      Discussion  of  Matters  Relating  to I.  289,  290 

Shops,  Arrangement  and  Systemization  of I.  283,  288 

Blacksmith 1.130,131 

"       Boiler.  Tin,  Flue,  Wood  and  Blacksmith — Locomotive 

Department — Illustrations I,  249 

"       Car  Repair 1,271-279 

'*     —Plan  for— Illustration I,  242 

Collections  at VII,  415 

Comparisons  of  Work  at  Different I,  287 

"       Construction — Location  of I,  122,  123 

"       Discussion  of  Questions  Relating  to  the  Machinerv  of 

I,  289,  290 

Employes  of I,  229 

"—Meetings  of 1,227-229 

"  —Value  of  Discussion  Among  ...  .1,  289,  290 

"       Equipment  of I,  259 

"       Erecting 1,272 

"  "        — Distribution  of  Material  to .1,  272 
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Shops,  Erection  of I,  143 

"•       Examinations  at — by  Traveling  Auditors VII,  433 

Facilities  of I,  235 

"       Fuel  Stored  at YII,  334 

General  Repair I,  248,  250 

Government  of I,  283 

"       Heating  Appliances  of I,  261 

"       Keeping  Accounts  at VII,  244 

"       Location  of 1,237,  283 

"       Locomotive  Repair — Plan  for— Illustration I,  239 

"       Machine I.  239.  269 

Machinery  of I,  283 

"       Making  Pay  Rolls  at VII,  369,  370 

"       Manufacturing — Privilege  of  Inspecting 1.  127 

Organization  of I,  232,  237,  283,  284 

"       Paint I,  272 

'^     —Material  at VII,  309 

"       Railway 1, 124,  225 

—Arrangement  of 1,230 

—Machinery  of.... 1,122 

"       Repair I,  122,  239,  250;  VII,  130,  131 

"      —Car 1,271-279 

''      —General 1,270 

"  "      -For  Cars  and  Locomotives I,  271 

"      —Labor  in I,  264 

"  "      —Location  of 1,249,250 

"      —Locomotive 1,247-268 

"      —Number  of 1,283 

"  "      — Organization  of  Labor  in I,  264 

"  "      — Their  Location,  Design  and  Equipment. .. I,  237 

"       Restriction  of  Number  of . .  .VII,  130 

"Shops,  Roundhouses  and  Turntables'' VII,  458,  459 

Shops.  Time  Tickets  Issued  at VIL  401 

"       Upholstery— Material  at VII,  309 

"      Workings  of I,  283 

Shortages.     (See  also  "Defalcations.") 

"   '      Adjustment  of IX,  196-212 

Cause  of IX,    23 

Devices  for  Covering  Up IX,  136, 137, 139,  140 

"  Information  Regarding IX,     167 

Short  Buffer  Flate— Illustration,  Plate  II. 1, 116-117 

"      Sill,  PlRtfoYm—IUustration,   Plate  II 1, 116-117 

Shumir XI,  120 

Shumiro-Accades, Religion  of XI,  75,    76 

Shunt  Machine,  A — Illustration I,  412 

"      Motors 1,412 

"      Winding I,  409,  410 

Shunters,  English — Wages  of IV,  453 

"Shunter's  Stick" 1,172,  173 

Shunting— Meaning  of  Term IV,  320 
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Shut-off  Valve,  Main— Illustration,  Plate  II I,  116-117 

Shutt  End  Riiihvay I,    28 

Siam.  Its  Primitive  Associations  and  Means  of  Carriage 

XI,  237-253 

"      — Primitive  Carriage  in—IUustrations XI,  237-253 

Siberia — Its  Primitive  Associations  and  Means  of  Carriage. . 

XI,  448-458 

"      — Primitive  Carriage  in — Illustrations XI,  448-458 

Siberian  Railway  Locomotive — Illustration 1,119 

Sicily XI,    91 

Sickness,  Amelioration  of  the  Condition  of  Railway  Men  and 

Their  Families  in  Cases  of X,  291-353 

Side  Bearing,  Body— Illustration.  Plate  III 1, 170-171 

Bridge— Illustration,  Plate  II. 1, 116-117 

"  "  "       Body— Illustration,  Plate  II 1, 116-117 

"  "        'PiWsiTBody— Illustration.  Plate  II 

1,116-117 

Truck— Illustration,  Plate  II 1, 116-117 

"      Bolster— Ilhistration,  Plate  III.... I^  170-171 

"     Bearings I,  214 

"      Door  Bottom  BrW— Illustration,  Plate  III I,  170-171 

"  "      Braces— Illustration,  Plate  III 1, 170-171 

''      Bracket— ///us/ro/<on,  Plate  III 1, 170-171 

^yedge— Illustration.  Plate  III 1,170-171 

"      ChsiG.ng  Strip— Illustration,  Plate  III 1,170-171 

"      Closed  Ciasv— Illustration.  Plate  III 1, 170-171 

Stop— Illustration.  Plate  III I,  170-171 

"      FuTring—Illustration,PlateIII 1,170-171 

"  ''      Ilsina\e— Illustration,  Plate  III 1, 170-171 

"      Jlanger— Illustration,  Plate  III 1, 170-171 

"      UsLsp— Illustration.  Plate  III 1, 170-171 

"      Middle  Bail— Illustration,  Plate  III 1, 170-171 

"  ''      Open  Clasp— Illustration,  Plate  III 1, 170-171 

''      Stop— Illustration.  Plate  III 1,170-171 

*'      Se&lFin— Illustration,  Plate  III 1,170-171 

"      ShesLthiug— Illustration,  Plate  III I,  170-171 

"      Staple— Illustration.  Plate  III 1,170-171 

"      Stile— Illustration.  Plate  III I,  170-171 

"         "      Threshold  F\ate— Illustration.  Plate  III 1, 170-171 

"  "      Top  Rail— Illustration,  Plate  III I,  170-171 

"         "      Track— Illustration,  Plate  III 1, 170-171 

"      Wedge— Illustration.  Plate  III I,  170-171 

Side  Fascia— Illustration,  Plate  111 1, 170-171 

"     Girts— /^^"s/>*rt^*OH,  Plate  III I,  170-171 

"    Grab  Iron— Illustration,  Plate  III 1, 170-171 

"    Lamp— Illustration,  Plate  II 1, 116-117 

"         "      Bracket— Illustration,  Plate  II 1, 116-117 

"         "       Chimney— Illustration,  Plate  II ..1, 116-117 

"       or  Parallel  B,od— Illustration,  Plate  I I,  58-59 

"    "Plate— Illustration— Plate  III 1, 170-171 
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Side  Pocket  Pin— lUustnttion,  Plate  II 1, 116-117 

"     Sill— Illustration.  Plate  II 1, 116-117 

"       "     Knee  Iron— Illustration,  Plate  II J,  116-117 

"     Stem  Sprino;— Illustration^  Plate  II 1. 116-117 

"         "     Th'imWe— Illustration,  Plate  II I,  116-117 

"     Sterns— Illustration^  Plate  II I,  llG-117 

''    Track— Meaning  of  Term lY,  320,  321 

"    Tracks,  New II,  221 

Use  of— Charges  for 111,407 

•'Sidings'' VII,  465 

Sidings,  Construction  of II,  211 

"        Middle— Rules  Governing IV,  375,  376 

Sidou XI,  123 

Siemens  &  Halske. I,  520 

Signal,  Air I,  321 

"    —Care  of 1,382 

"         "    — Instructions  to  Engineers 1,366 

"    —Train 1,317,322,330 

"All  BxghV'— Illustration IV,  245 

"       Apparatus I,  376 

"Back  Vp"— Illustration IV.  480 

"       Branch  Pipe    Cut-Out  Cock — Illustration,  Plate    II 

I,  116-117 

"  "  "       to    Car  Discharge  Va}ye—Ilhistration, 

Plate  II. 1, 116-117 

''GsLUtion^'— Illustration IV,  245 

Cord I,  362 

"  ''    —Illustration,  Plate  II 116-117 

"        Coupling,  Air I,  375 

"        Disc — "Caution,  Run  Slow"" — Illustration IV,  504 

"    —"Clear,  Froceed''— Illustrations IV,  504 

"  "    —"Danger,  S,top"— Illustration IV,  504 

Dwarf  —"Clear,  ProceeiV— Illustration IV,  501 

—"Danger,  Stop''— Illustration IV,  501 

"        Distant — "Caution.  Run  Slow"' — Illustration IV,  500 

"      —"Clear,  FroceecV— Illustration IV,  500 

"       Fire  Basket  as  a I,    57 

"Go  Ahead"— Illustration IV,  479 

Home— "Clear,  Fvoceed"— Illustration IV.  500 

"  "     —"Danger,  Stop'— Illustration IV,  500 

"       Hose.  Mr— Illustration,  Plate  I I,  58-59 

"      Armored— Illustration,  Plate  II T,  116-117 

"  "      Coui)nng— Illustration,  Plate  II 1, 116-117 

"  "      Extra 1,321 

"       Lamp — Illustration,  Plate  I I.  58-59 

"        Operating  the  Train  Air — Instructions  to  Trainmen 

I,  376 

Pipe 1,374,  379 

"  "      —Illustration,  Plate  1 1,58-59 

"      Air— Leaks  in 1,376 
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Signal  Pipe  Wo^q—IUu .miration,  Plate  I I,  58-59 

"  "      StraineT— Illustration 1,386 

"  ••      Traihi— Illustration^  Plate  II I,  116-117 

Pipes I,  362 

Posts IV,  252,  253 

"       Semaphore— "Caution,  Run  Slow''— Illustration .  .IV,  502 

"  "  —"Clear,  Proceed  ''—Illustration IV,  503 

"  "  —"Danger.  Sto^''— Illustration IV,  502 

"       Station — Meaning  of  Term IV,  341 

''StOYf''— Illustrations IV,  245,  479 

"       Train  Air — Operations  of I,  362 

"Train  Parted  "—Illustration IV.  480 

"        Two-Arm  Home— "Main  Route  Clear,  Proceed'' — Il- 
lustration  IV.  501 

"  "  "      —"Diverging  Route  Clear,  Proceed" 

— Illustration IV,  501 

"       Yalve— Illustration I,  386 

"  ••      Car — Illustration,  Plate  II I,  llG-117 

^yh\st\er— Illustration I,  386 

"  "        — Illustration,  Plate  I I,  58-59 

Signals Ill,  262 ;  IV,  244-301 

Absence  of IV,  366 

Air IV,  250 

"        at  Telegraph  Stations IV,  398 

Audible IV,  272,  273 

Automatic IV,    15 

Block— Disc  FoTm—Illustrations IV,  504 

"  "  "     — Semaphore  Form — Illustrations 

IV,  502,  503 

—Electric  Block  System .IV.  280,  281 

Ball IV,  252,  254 

"        Bell  Cord— Rules  Governing IV.  347,  348 

Block IV,  276-301 

"  "      — Automatic  Electric — Illustrations 

IV,  280,  282-285 

"  "     System 1,311 

"  "     —Systems  of IV,  276,  277 

Care  of IV,  433 

"        Classification  of IV,  269,  270,  295-298 

Crossing— Early IV,  254.  255 

"        Danger — Permanent IV.  367 

Defective IV,  270 

Detonating IV.  271-273 

Disc— Earlj^ IV,  248,  249 

Diversity  of IV,  256-258,  267 

"        Duties  of  Brakemen  in  Relation  to IV.  417 

lS.Sir\y— Illustrations,., IV,  245,  247-249,  251-255 

"     —at  Telegraph  Stations IV,  249,  250 

"  "      —Forms  of IV.  244-250 

**  "      —in  England IV,  247-249 
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Signals,  Early— Use  of,  in  Great  Britain I,  171 

"        Expenditures  for IV,  245,  24G 

Failure  of IV,  366 

Fixed— at  Train  Order  Offices IV,  391 

"    —First  Forms  of IV,  246 

"    — Kules  Governing IV,  349,  350 

Flag— Early IV,  248,  253,  255 

"        Freight  Train  Pushed  by  a  Locomotive  by  Night — 

Illustration IV,  494 

Gate IV,  254 

Hand  and  "LdLXXxxi— Illustrations IV,  479,  480 

"     Lamp— Rules  Governing IV,  348,  349 

— How  They  Are  Displayed  on  Trains  and  Locomo- 
tives Under  the  American  Standard — Illustra- 
tions   IV,  481-494 

Importance  of— in  the  Movement  of  Trains IV,  256 

Lantern— Early IV,  250-252,  255 

"        Locomotive  Running  Backward  by  Day  Alone  or 

Pushing     Cars 
— Illustrations 

IV,  487 

«  »*  i»  u  u     i;j'j^|^t; — Illus. 

tration lY,  492 

»*  -  u  w  "     Night  Alone 

or    Pu  s h  i  n  g 
Cars— Illus. 

trations 

IV,  490,  491 

«                  *♦                  •'        Forward  Alone  bv  Dhy— Illus- 
tration   IV,  491 

u  ».  -  "  '^        by    Night— //- 

lustration^  IV,  492 

''       —Meaning  of  Term IV,  321 

New— Use  of IV,  352 

"        Passenger  Train  Pushed  by  a  Locomotive  by  Night 

—Illustration IV,  493 

Permanent    IV,  261 

Rear  of  Train  by  Day— Illustration IV,  483 

"  "      "       ^'        "    Night  While  Running— I/?»sfraf«o?^ 

^ IV,  484 

''  "      "       "      on  Side  Track  by  ^ight— Illustration 

IV,  485 

Removing IV,  396 

Rules  Governing IV,  340-343 

"  Use  of IV,  350-352 

Semaphore IV,  248,  249,  255,  261,  262,  274,  278,  292 

Track IV,  495-504 

—Illustrations IV,  500-504 

"        Train IV,  246 

"      —Rules  Governing IV,  344-346 
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Signals.  Train  Ruuniug  Forward  by  Day — Illustrations .   ... 

' IV,  486.  488 

"  •'  ''  "    ^\g\it— Illustrations .. . 

IV,  486,  489 

"        Uniformity  of IV,  258-261,  264-267 

''        Use  of— by  Railways IV,  244 

Value  of IV.  268,  269 

"        Whistle— Rules  Governing  .     ..    IV,  346,  347 

Signaling  Apparatus,  Air — Train — Illustrations I.  385,  386 

Fog— in  England IV,  271.  272 

"  Functions  of IV,  276 

Signalmen,  English — Wages  of IV,  453 

Signatures VII,  446 

Authorization  of IX,  428-430 

"  Officials' VII,  431 

"  on  Indemnity  Bonds IX.  172,  173 

"  Stamp VI,  126;  IX,  84,  346,  347 

—Use  of VI,  314 

"  Witnessing VII,  444;  IX,344,  393 

Signs,  Maintenance  of Ill,  300 

"      Meaning  of— on  Time  Table IV,  340 

"      Uniformity  in IV,  303 

"      Use  of— in  Telegraphic  Orders IV,  392 

Silks,  Carriage  of V,  519 

Sill  and  Tie  Hoa— Illustration,  Plate  II 1, 116-117 

"    Corner  Iron— Illustration,  Plate  III. 1, 170-171 

"    Beck— Illustration,  Plate  II 1, 116-117 

"        "      End— Illustration,  Plate  II 1, 116-117 

"    Vud— Illustrations    i  P^^^fe  II 1,116-117 

Ji.na     Illustrations,  ^  p^^^^  jjj ^  170-171 

"    Facing  Deck— Illustration,  Plate  II 1, 116-117 

"    FlRtform— Illustration^  Plate  II. 1, 116-117 

"  "  End— Illustration,  Plate  II. 1,116-117 

"    Side— Illustration^  Plate  II. 1, 116-117 

"    Step— Illustration,  Plate  III 1, 170-171 

"    Tie  Rod— Illustration^  Plate  II 1, 116-117 

"    Timbers I,  209 

"    Window— Inside— Illustration,  Plate  II .1, 116-117 

"  "        -Outside— Illustration,  Plate  II.. 1, 116-117 

Sills,  Car I,  179 

"      Center— Illustration,  Plate  III 1. 170-171 

"      Inside  Intermediate — Illustratio7i, Plate  III 1, 170-171 

"      Outside— Illustration,  Plate  III. 1,170-171 

"  "       Intermediate— /^ws^m^iOTi,  Plate  III 1,170-171 

"      Switch Ill,  228 

Silver III,8;XI,     73 

''      Bullion Ill,    18 

"      Causes  of  Decline  in  Value  of Ill,    13 

"      Demonitization  of Ill,     13 

"      Early  Use  of— for  Money XI,  128 
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Silver.  Fluctuations  of Ill,    16 

"      Ratio  of— to  Gold 111,12,    13 

"      Status  of— in  the  United  States Ill,    14 

"      Transportation  of V,  519 

"      Use  of— by  Railways VII,  209 

Simple  Trolley  System  and  Rail  'Return— Illustration I,  433 

Sinclair,A Ill,  160;  IV,  36,  38,    44 

Siuf^le  Expansion  Locomotive 1, 92,    95 

"      Order  System  of  Telegraphic  Dispatching IV,  83,    84 

"      Phase  Motor I,  445 

"      System I,  425 

"      Vlate  Wheel— Ilhisirat ion IV,  207 

Sinking  Funds II,  137,  191 

Accounting  for VII,  434,  449-452 

Particulars  of 111,101-105 

Six-Pole  Motor I,  472 

Size  of  Motor I,  469 

"'     "  Unit,  in  a  Power  Station I,  454 

Skill— Its  Effect  on  Wages II,  102 

Skilled  Labor I,  270 

"       Workmen I,  247,  264 

Skylights I,  243,  257 

Slab— Illustration,  Plate  II 1, 116-117 

"      Adjusters,  Automatic I,  361,  362 

"      of  Brake  Shoes I,  332 

Slag  Ballast Ill,  221,  222 

Slate I,  253 

Slats,  Window  Blind— Illustration,  Plate  II 1, 116-117 

Slaves XI,    25 

Sledge,  Origin  of XI,    51 

Sleepers,  Longitudinal Ill,  201,  202 

Sleeping  and  High  Class  Passenger  Car,  American  Standard 

— Illustration I,  223 

Car,  American I,  200 

"  "     Compartment— Austrian— /HMsfrafiori I,  226 

"  "     Early 1,165 

"  ''     Interests,  Development  of 1, 198,  199 

"  "     Passengers V,  206,  207 

"  "     "Pioneer" 1.194,197 

"     Tickets V,  95,  206 

Cars 1, 188-194 ;  V,  221 

"      in  England 1,201 

"  "     Rules  Governing  Use  of V,  212 

"  "     Use  of  Electricity  for  Lighting IV,  179 

Slide,  Cinder  Chute— Illustration,  Plate  I I,  58-59 

"      Valve I,  308 

"      —Illustrations  I,  65,  341,  344 

'''  "      Port — Illustration ; I,  341 

"      Valves,  Action  of — Method  of  Governing I,    91 

"  "       Defective 1,382 
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Sliding  no^—Illu8traUon,  Plate  II I,  116-117 

Wheels I,  313,  363,  379;  IV,  321 

''''  *'        xVvoidaiu'e  of 1,369 

"  "        — Instructions  to  Engineinen 1,321" 

Sling  Stay— Illustration,  Plate  I I,  58-59 

"      Stays I,     97 

"  "     — Illustration I      gg 

"      Dome — Illustration I,     98 

Slip,  Late I,  266 

"    Switches Ill,  235,  236 

Slopes c Ill,  225 

"      Drainage  of Ill,  226 

"•      Protection  of Ill,  254 

"      Springs  on 111,226 

Slothfulness II,     22 

Smith.  L.  L I,  285 

Smoke  Annoyance I,    70 

"       Arch  Boor— Illustration,  Plate  I I.  58-59 

"     Front— Illustration,  Plate  I I,  58-59 

noil— Illustration,  Plate  II I,  116-117 

Box 1,93,    97 

"         "    Destruction  of — How  Overcome I,    53 

■".urners I,     70 

'^       Vlue—Ilhist ration,  Plate  II 1. 116-117 

"  "     Ba^e— Illustration,  Plate  II. I,'  116-117 

F'lpe— Illustration,  Plate  II 1, 116-117 

Smokestack I,    97 

-Illustrations.  \P^''''^- I' 58-59 

/ I,     60 

•'  Coal  Burner — Evolution  of — Illustration I,    69 

"  Exhausting  Steam  Into I,    69 

Height  of I,    68 

•'  Locomotive  Without— Illustration I,  134 

•'  Opening — Illustration I,    98 

Keduction  of  Heat  in I,    53 

Smokestacks,  Destruction  of T,    38 

Smoking  Car,  American  Buffet — Interior  of — Illustration. . 

I,  212 

"      Buffet 1,182,196 

"        Compartment  in  an  American  Csir— Illustration .  .1,  213 

"        Room I,  200 

"  «      —Illustration,  Plate  II 1,116-117 

"      Vsine\s—Illustration,  Plate  II 1, 116-117 

Snow,  Clearing  Track  of Ill,  285,  289,  301-305 

Fences,  Use  of Ill,  302-305 

Snowplow I,  56,  57,  109 

Cvlindrical I,    56 

Rotary 1,56,    57 

"  Steam— Illuiitratio7i 1,147 

Suowplows,  Use  of Ill,  302-305 

41  vol  1» 
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Snow  Shed  in  the  Sierra  ISTevadas— /??ws«raiio<    IIJ,  351 

Sheds.  Use  of Ill,  302-305 

Societe  Nouvelle  des  Etablissements  I,  215 

^oi^— Illustration^  Plate  II 1, 116-117 

Soft  Coal,  Use  of I,    69 

Soil,  Ownership  of XI,    30 

Solid  Spoke  Wheel— lUuatration IV,  207 

Solomon XI,  134 

Solon XI,  100 

Soot  Bags I,  170 

"      Device  for  Keeping  Flues  Free  from I,  103 

Soper,  Arthur  W IV,  115,  118 

Source  of  Electric  Currents I,  397,  398 

Sources  of  Heat 1 .  397 

South  Africa,  Government  Management  in VIII,  241 

"       America — Its  Primitive  Associations  and  Means  of 

Carriage XI,  418-428 

"  "        — Primitive  Carriage  in — Illustrations 

XI,  418-428 

—Use  of  Petroleum  in 1,104 

Southern  Pacific  Railway Ill,  359 

"         Railway  &  Steamship  Association VI,    61 

"  "         "  "  "  Demurrage  Rules 

of....  VI,  337,  338 

South wark  &  Deptford  Tramway  Company Ill,  454 

Southwell,  H.  E VII,  288 

Spain,  Baggage  Allowed  in V,  288 

in V,  286 

"  "        Storage  Charges  in V,  425 

"      Comparative  Value  of  Silver  and  Gold  in Ill,    13 

"      Gauge  Used  in Ill,  194 

"      Its  Primitive  Associations  and  Means  of  Carriage 

XI,  468-476 

"      Primitive  Carriage  in — Illustrations XI,  468-476 

"      Railway  Practices  in I,  174 

"      Responsibility  for  Baggage  in V,  313,  314 

"      Status  of  Railways  in VIII,  342 

"      Use  of  Metal  Ties  in Ill,  379 

Span,  Howe  Truss  Bridge— Illustration. Ill,  373 

Spark  Arrester I,  100 

"  "        Extension  End  for — Illustration I,    60 

"  "        Section  Showing — Illustration I,  100 

Sparking,  Cause  of I,  429 

Evil  Effects  of I,  473 

Spartans,  The XI,    64 

Special  Accounts VII,  414-429 

"        Collections,  Accounting  for VII,  414-429 

Committee II,  131 

*'        Conditions,  Use  of  Electricity  Under I,  514 
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Special  Rates.     (See  also  "Rates,  SpeciaF') V,  121, 122 

Authority  for V,  176 

Notice  of V,  122 

Receipts IX,    95 

Remittances IX,  419 

Train— Meaning  of  Term JV,  321 

Specialists I,  28G 

*'  Among  Car  Manufactories I,  214 

"  in  Railway  Service II,    62 

Specialization  of  Worl^ I,  283 

Specializing  Work I,  285,  286 

Specifications  for  Ties Ill,  212,  213 

"  of  Cost,  for  Construction Ill,  131 

Speculation,  in  Railway  Construction  and  Operation Ill,  134 

Railway I,    34 

Speculators, Railways  Built  by Ill,  171,  172 

Speed I,  63,  415,  428,  429,  475,  476 

Checking— of  Trains 1,317,318 

Comparison  of — in  England  and  America IV,  103 

Control  of— by  Brakes I,  294 

"         "—in  a  Locomotive 1,113,  115 

Danger  in  Increasing IV,  102 

Effect  of— on  Cost . .' X,  161-164, 167-170 

"       "      "    Suburban  Service lA^  103 

"      "    Track X,  167 

Governor I,  455 

— How  Acquired I,    67 

Limitations  of I,  429,  430;  IV,    99 

ISTecessity  of  Increased ...   IV,  104 

of  Dynamo I,  407 

"  Freight  Trains VI,  10,    11 

"  Trains I,  249 

Tendency  to  Increase I,  310 

Relation  of— to  Accidents IV,  125 

"      "   Earnings IV,  104 

"      "   Track,  Etc IV,  101,  102 

Synchronous 1,442,445,  446 

Speeds,  of  Engine  Type  Railway  Generators T,  459 

Variable I,  445 

Spencer XI,    28 

Sperry.  H.  W IV,  112 

Spike.  Action  of— on  Tie — Illustration III.  321 

"      lLY2iQ\i— Illustration Ill,  320 

Spikes Ill,  197,  285,  301.330,  331 

"       Effect  of  Passing  Trains  on Ill,  320,  330 

"       Rectangular 111,198 

"       Wedge Ill,  198 

Spiking Ill,  211 

Damage  to  Ties  bv 111,213,  214 

Spiral  Spring,  Berth— /Z/rrs^ra7/on  Plate  II 1,116-117 


314  GENERAL  INDEX. 

PAGE 

Splice  Bar,  Angle— A.  D.  lS7o—Ilhtstration Ill,  293 

^  "        u    '        ?v        u     u   iQ'jQ_niustration Ill,  296 

"        "  "        "    "  18S0— Illustration Ill,  298 

«        "  "        "    *'  l8Sb— Illustration 111,303 

"        "        Double— A.  D,  l8oQ— Illustration Ill,  262 

"        "  "  "   "   IS57— Illustration 111,269 

"        "        Plain— A.  D.  1870— Illustration Ill,  289 

"        "        Single— A.  D.  I85b— Illustration Ill,  261 

«      Bars r 111,285,301,341,342 

"        "    Insulated— Automatic    Electric    Block    System, 

IV.  283,  284 

"    Use  oV.'.V.  .'. in,  335-340 

"      FY&me— Illustration,  Plate  I I,  58-59 

Splices III.  215 

Split  Switch— Illustration Ill,  340 

"     Switches IV,  113,  114 

Tliree-Way 111,233,234 

"Sprag"  Brake— Illustration I,  294 

Sprag— Meaning  of  Term IV?  315 

Spreading  System  of  Locomotive  Firing I,  97,    99 

Spring  and^Kig,   Counter  Balance— -f?Z"sfra/20>i,  Plate  I.. 

I,  58-59 

"        Balance— Center  BrRke—'lliu^tration,  Plate  II.  .1, 116-117 

"  "        —'Lower— Illustration,  Plate  II 1,116-117 

"        Band— Illustration,  Plate  II 1, 116-117 

»  ''        Engine  Truck— Illustration,  Plate  I I,  58-59 

"        Besim— Illustration.  Plate  II .' 1, 116-117 

"  '•      Chafing  Flate— Illustration,  Plate  II 1, 116-117 

"        Bearings I?  213 

"        Block— Illustration,  Plate  II 1, 116-117 

"        Bolster — Illustration,  Plate  II 1, 116-117 

"        Cap  Bolster— Illustration,  Plate  II 1, 116-117 

"  "      Equalizing  Bnr— Illustration,  Plate  II I,  116-117 

C&tch— Illustration,  Plate  II 1, 116-117 

Center  Stem— Illustration,  Plate  II 1, 116-117 

"        Chain  Berth— Illustration,  Plate  II 1, 116-117 

"        Check  Valve— Illustration I,  344 

T>raft— Illustration,  Plate  II 1, 116-117 

"        Driver— Illustration,  Plate  I I,  58-59 

"        Engine  Truck— Illustration,  Plate  I I,  58-59 

"        Equalizing  Bar— Illustration.  Plate  II I,  116-117 

"        Followers  BraU— Illustration,  Plate  II 1, 116-117 

Frame,  Berth— Illustration,  Plate  II I,  116-117 

"        Graduatinp:— Illustrations I,  341,  344, 

"        Hanger — Illustration I,    60 

''  ""^      to  Journal  Bo:s.— Illustration I,    67 

"  "        Engine  Truc]i.— Illustration,  Plate  I 1,  58-59 

Hangers.  • ." I^  109 

"  "         Driver— Illustration,  Plate  I I,  58-59 

Journal  Box  Cover— Illustration.  Plate  II 1, 116-117 


GENERAL  INDEX.  315 

PAGE 

Spring,  "^12^1^— Illustration,  Plate  II I,  llG-117 

"  "      BesLTin^— Illustration,  Plate  II 1,116-117 

"        Plate,  Truck  BoUteT—IUustratioti,  Plate  III.  A,  170-171 

"        'RQiQfiSQ— Illustration,  Plate  II 1, 116-117 

"  "       —CQnteTBv2L\Le— Illustration,  Plate  II,  \.UQ-\n 

Repairs III.  239 

"        Seat— Illustration,  Plate  III I,  170-171 

"  '•    —Bolster— Illustration  Plate  II 1, 116-117 

"     Equalizing  Bur— Illustration,  Plate  II....  I,  116-117 

"        Side  Stem— Illustration.  Plate  II 1, 116-117 

Spir&\— Berth— Illustration.  Plate  II 1,116-117 

Strap,  Draft— Illustration,  Plate  II 1. 116-117 

Springs I,  210.  211 

"        —Illustration I,    60 

Cost  of Ill,  403 

"        Draw  Bar— Illustration,  Plate  III I,  170-171 

"        for  Suspending  Motor I,  470 

"        Locomotive I,  109 

on  Slopes Ill,  226 

Testsof 1,277 

Truck— Illustration,  Plate  III 1, 170-171 

Sprinkler.  Track— A.  D.  \Sol— Illustration III.  240 

Spur  Track — Meaning  of  Term IV,  321 

Stack  Base — Illustration.  Plate  I I,  58-59 

"       Smoke— Illustration,  Plate  I I,  58-59 

Staff,  Hand  Brake— Illustration.  Plate  III 1, 170-171 

"      System  of  Protecting  Trains IV,  92-94 

'      Train — Meaning  of  Term IV,  315 

Stages,  Daj^s  of I,  148 

Stained  Glass,  Carriage  of V,  519 

Stakes,  Engineers" — Care  of Ill,  244 

Stamp,  Government Ill,     10 

Signatures VI,  126 ;  IX,  84,  346,  347 

Use  of VI,  314 

Stamps,  Adhesive V,  427,  428 

Baggage V,  486 

Postage— Accounting  for X,  287,  288 
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"      Cluster— Illustration,  Plate  II I,  116-117 

"      Follower  Center— Illustration,  Plate  II I,  116-117 

"      Graduating — Illustratioiis I,  341,  344 

'•      of  Three-Way  Cock— Illustration,  Plate  II I,  116-117 

"      Packing,  Valve — Illustration,  Plate  I I,  58-59 

"      Pin,  Center— Illustration,  Plate  II 1, 116-117 

"      Side  Spring— Illustration,  Plate  II 1, 116-117 

**      Spring,  Center— Illustration,  Plate  II 1, 116-117 

"      Thimble,  S'n]e— Illustration,  Plate  II I,  116-117 

"      Throttle— Illustration,  Plate  I I,  58-59 

"      ya.l\e— Illustration,  Plate  I I,  58-59 

Stems,  Side — Illustration  Plate  II 1, 116-117 

"      Valve I,    90 

Step  }lsing;er— Illustration,  Plate  II 1, 116-117 

"  "        Bra.ce—Ill^istration,  Plate  II I,  116-117 

"      Headlight — Illustration.  Plate  I I,  58-59 

''      Iron— Illustration,  Plate  II I,  116-117 

"      Riser,  Flsitform— Illustration,  Plate  II 1, 116-117 

"      Sill— Illustration,  Plate  III 1, 170-171 

Stephenson  &  Co I,  32,    48 

George I,  24, 

27,  31,  45,  54,  55:  II],  125;  IV,  35;  XI,  511 
**  "       — Influence  of,  on  Railway  Subjects  ...  .1,    30 

"  Locomotives I,  392 

Patent  of I,    49 

"  Perfection  of  the  Locomotive  by I,    25 

Robert I.    52 

"  "•       —Influence  of,  on  Railway  Subjects I,    30 

"  "      —Steam  Brake  Invented  bv I,  297 
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Stephenson's  First  Locomotive,  "Blucher,"  l^l'k— Illustration 

I,    25 

'*            Fish-Belly  Eail,  Manchester  &  Liverpool  Rail- 
way—A. D.  1829— Illustration HI,  196 

"  Fork  Valve  Motion  or  Gearing  Attached  to 

Driving  Axles  of  the  Locomotive,  1835  — 

— Illustration I,    4S 

*'  "Locomotion,"  1825 1,    26 

"  Locomotive  Steam  Brake  for  Driving  Wheels, 

183S— Illustration I    299 

"Eocket,"  1830 1,    29 

"  "  "    — Illustration I,    29 

"Stevens"  Rail Ill,  200 

"  "      A.  D.  185i— Illustration Ill,  244 

"  "      France— A.  D.  18SS— Illustration HI,  308 

"  "      Great  Western  Railway  of  England — A.  D. 

1868— Illustration     Ill,  275 

"  "      Supported  by  Cast-iron  Chair— A.  D.  1837— 

— Illustration Ill,  220 

"  "      Vicksbnrg  &  Jackson  Railroad— A.  D.  1841— 

Illustration Ill,  227 

"  "      Western  Railway  of  France— A.  D.  1855— IL 

lustration , Ill,  259 

Stevens,  Robert  L 111,176 

Stick,  Shunter's 1, 172,  173 

Stiff  Brake  Rigging I,  378 

Stile,  Side  Boor— Illustration,  Plate  III 1, 170-171 

"      ^ymdo^v— Illustration,  Plate  II... I,  116-117 

Stilling,  Dr IV,  225 

Stock  Book,  Use  of VIT,    81 

"       Books,  Closing Ill,  89-91 

"       Capital Ill,  42,  80,  85-91,  158 

"  "         —a  Basis  for  Taxation Ill,  446 

"         —Form  of  Certificate  of Ill,    87 

"         —Meaning  of  the  Term Ill,    86 

—Voting 11,129 

"       Car,  American  Standard — Illustration I,  192 

Classes  of 111,88,    89 

"       Common 111,65-69,    88 

Debenture 111,42,    95 

"       Dividends  on — Accounting  for X,  179,  180 

"       Duplication  of Ill,    75 

Form  of  Transfer  of Ill,    90 

"      Issue  of 111,53-58,    76 

"       "—in  England Ill,    73 

"       "       "  the  United  States Ill,    73 

"       Laws  Regulating  the  Issuance  of Ill,    78 

"       Ledger Ill,    89 

"       Preferred Ill,  65-69,    88 

—Rights  of  Holders ...Ill,    80 
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Stock,  Purchase  of— of  Other  Companies .Ill,    75 

"       Kolling : 1,120,462 

—Cost  of  Keeping  in  Repair.  .Ill,  430,  431,  478,  479 

"  "        Manufacture  of  by  KaiJroad    Companies 

I,  141-144 

'•'       Room,  Oil 1,  274 

"       Transfers  of 111,89,    90 

"       "Watered  " Ill,  34,  72-78 ;  VIII,    75 

"  "  —Its  Effect  on  Rates Ill,    77 

"  "  —What  It  Represents Ill,    75 

Stocks,  Negotiation  and  Sale  of II,  137 

Spurious II,  194 

Stockholders.    (See  also  "Shareholders") Ill,    81 

Meetings  of 11,128,129;  III,    90 

Stockton  &  Darlington  Railway I,  27,  45;  IV,  247,  248 

Opening  of I,    26 

"Stockyards" VII,  466 

"Stockyards  and  Elevators" VII,  493,  494,  522,  523 

Stockyards,  Business  at VII,  336-341 

Collections  at VII,  340,  341 

"  Incidental  Expenses  at VII,  338,  339 

"  Inventories VII,  347 

Supplies  for VII,  337-340 

Stolen  Tickets IX,  123 

Stone  Arch  Culvert— Illustration Ill,  369 

"      Ballast Ill,  221 

"      Block,  Rail  and  Joint  Tongue  Laid  on  Camden  &  Am- 

boy  Railroad.  A.  D.  IS'dl— Illustration Ill,  199 

"      Cars  for  Handling I,  224 

"      Handling— Railroads  for I,  217 

"      Stringer  and  Strap  Rail,  Baltimore  &  Ohio  Railroad, 

A.  D.  1S3S— Illustration Ill,  208 

"      Use  of— by  Railways VII,  213 

"      "—in  Construction 111,129 

Stones,  Precious IJf ,  242 

u        —Transportation  of V,  519 

Stool,  Center  Bearing— Illustration,  Plate  II I,  116-117 

Stop  Bar,  Lower  Berth— Illustration,  Plate  II 1, 116-117 

"     Brake  'Lever— Illustration,  Plate  II 1, 116-117 

"    Cock,  Train  Sig:n3i\— Illustration,  Plate  II 1, 116-117 

"    Cocks I,  102 

"     Shade— Illustration,  Plate  II 1, 116-117 

"    ^Vm(^ow— Illustration,  Plate  II 1, 116-117 

Stop-Over  Tickets V,  213-216 

Conductors' X,  127,  128 

Stopping  Triple  Valve  Blow I,  374,  375 

Stops,  Making I,  369 

Storage  Batteries I,  438-440 

Use  of IV,  176,  ISO 

"       Battery  System IV,  176 
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Storage  Charges,  Baggage V,  424-427,  509.  510 

Collection  of Y,  504.  505 

for VI,  107 

"  —in  Europe IX,     81 

Eatesfor 11,242 

"       Reservoir— Air 1,244,  262 

Sj^stem  of  Heating IV,  162,  163 

"       Tickets V,  505 

"Storage  Warehouses" VII,  460 

Storehouse 1,245,  258,270.273,  275 

"  Car  Department — Cross  Section — Illustration  .  .1.  273 

"  — End  FAevsition— Illustration..  J,  272 

"  "  "  — Side  mevsition— Illustration..!,  270 

Central VII,  142 

General 1,252;  VII,  182 

the  First XI,    32 

Storehouses.    (See  also  "Supply  Depots'') I,  268 

Approaches  to VII,  293 

"  Arrangement  of VII,  293 

"  Care  of  Supplies  at VII,  256 

Closing VII,  347 

"  Examinations  at — by  Traveling  Auditors. .  .VII,  433 

"  for  Care  and  Maintenance  of  Rolling  Stock I,  238 

"  Inspection  of — by  Traveling  Auditors IX,  283 

Kinds  of  VII,  257 

"         Local— Supplies  at VII.    78 

"  Material  forwarded  to VII,  318 

"  "        Received  from VII,  317,  318 

"         Number  of VII,  107,  181 

"  — Shop — Requisitions  for  Material  for VII,    78 

Storekeeper,  General VII,    76 

"  "       —Duties  of VII,    88 

**  **        —Inspections  bv VII,    82 

—Requisitions  on VII,    79 

Meaning  of  Title II,  141,  142 

Title  of VII,63,  70.  71,249,  253 

Storekeepers,  Construction VII,  194-197 

"  Difference  Between  Good  and  Poor VII,    55 

Duties  of VII,  87, 170, 180,  192,  254-264,  270, 

27] .  284,  292,  303,  304,  307,  308. 327, 
336,341,  345,  354,  355,  418,  419,  430-433 

"  "        "        Subordinates  of VII,    81 

"  Inspection  of  Material  by .VII,  95,    97 

Orders  on VII,  311 

"  Reports  of X,    67 

"  Requirements  of VII,  45,    46 

Returns  of VII,  325 

Supervision  of VII,  291,  292 

"  Vouchers  Chargeable  to VII,  318,  319 

Store,  Stationery  Supply VII,    85 
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Stores,  Cars  for  Handling I,  224 

Storeroom *. I,  245 

Storerooms,  Care  of VII,  294,  430 

Storing  Car  AVheels,  Provision  for I,  272 

''        Tools 1,268 

"Stourbridge  Lion"  Locomotive,  1829 1,    28 

«  »  "  "    —Illustration I,     28 

Stoves,  Use  of— for  Heating  Cars IV,  153-155,  163 

"     "      -'  "  "    —in  Europe V,  234 

Strabo Ill,  12;  XI,  22,  28 

Straight  Air  Brake I,  305 

Straight-way  Cock I,  372 

"      FlSLin— Illustrations I,  322,  372 

Strainer — Illustration I,  344 

„,     ,     ,.         i  Plate  1 1,58-59 

Aiv-Illustrations,  -j  p^^^^^  jj j  ^\q_^^^ 

"        Blow-Off  to  C\ea.n— Illustration^  Plate  II. 1, 116-117 

"        Signal  Fipe— Illustration I,    386 

Water — Illustration-,  Plate  II 1, 116-117 

Straining  Rod,  Brace  Hod— Illustration,  Plate  II I,  116-117 

Strap  Bolts — Illustration,  Plate  II I,  116-117 

"       Draft  Spring— Illustration,  Plate  II. .1.  116-117 

"Strap"  Rails Ill,  176 

Strap  S2lQtj—A^\Q— Illustration,  Plate  II 1, 116-117 

"  "      -^Br2i^Q— Illustration,  Plate  II 1, 116-117 

Straps,  Eccentric I,    89 

"  "        — Side  View  of — Illustration I,    90 

"Strappers" I»  171 

Street  Car  Horse I,  394 

"      Cars,  Current  Taken  by I,  401 

"     Railway  Circuits,  Electro-Motive  Force  on I,  401 

"  "         Construction, Rails  Used  in I,  462 

«  "  '^otoY— Illustration I,  429 

"  "         Service,  Effect  of  the  Electric  Car  on I,  394 

Strength,  Field— How  Limited I,  427,  428 

of  Current I,  397,  398,  415,  416 

"   Motor 1,469,470 

"  Organized  Labor II,    40 

Stretton,  Clement  E I,    48 

Strike,  of  Railway  Emploves— In  1886 II,    33 

Strikes : II,  36,  50,    51 

Cause  of II,    77 

Effect  of VIII,    20 

Striker  Arm^— Illustration,  Plate  II 1, 116-117 

"        lsl^t<A\— Illustration,  Plate  II 1, 116-117 

Stringer,  Triangular— A.  D.  l^hl— Illustration Ill,  265 

Strip,  Center  Bearing  l^Q2im— Illustration,  Plate  II 1, 116-117 

Structures,  Old— Cost  of  Removing VII,  455 

Permanent VII,  216-226 

"  —Supervision  of 11,211 
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Structures,  Temporary — Cost  of Ill,  401,  402 

Street  Crossings Ill,  222,  223 

Stromberg,  Charles  J V,    80 

Struggle,  Between  Capital  and  Labor II,    40 

Strut,  Truck  Bolster— Illustration,  Plate  III 1, 170-171 

Stub,  Shake  'Lexer— Illustmtioyi,  Plate  I I,  58-59 

Stubs,  Document— Writing VJI,  432 

"      Ticket V,  171 

Stud — Illustration,  Plate  II 1, 116-117 

"      Suspension— IllU'Stration,  Plate  I I,  58-59 

Sturrock,  A X,  164 

Subdivision  of  Labor I,  286 

Subordinates,  Action  of II,  117.  118 

Education  of  II,  117 

"  Relation  of  the  General  Manager  to,  II,  155, 156,  162 

"    Officers  to II,    13 

"  "         "    —to  Officers II,    16 

"  Station IX,  348,  349 

"  Trusting II,  202 

Subordination,  Necessity  of II,    18 

Substitutes II,  86,    87 

Suburban  Milk  Car,  American  Standard — Illustration I,  209 

"  Passengers Y.  409,  410 

"  Patrons V,  40,    41 

"  Service,  Locomotives  Employed  in  I.  67,  240 

"         Requirements  of .  ..Y,'41,    42 

"  Tickets V.    40 

Traffic V,  13,  40-43 

"  ''       Dangers  of V,    41 

"      Suitable  Car  for 1,177,178 

Trains V,  41,    42 

"      Baggage  of V,  409 

Success,  Basis  of II,  223 

Sugar  Cane,  Car  for  Carriage  of — Illustration I,  161 

"  "      Cars  for  Handling I,  224 

"  *'      Hauling— Railroads  for I,  217 

Suits,  Defense  of II,  137 

"       Prosecution  of , II,  137 

Summaries,  Errors  in VI,  195 

"           Notices  of  Errors  and  Omissions  in — Rules  Gov- 
erning   VI,  195 

Summarv,  Monthl}^- of  Interline  Way  Bills VI,  239-241 

"      ^  "  "    Local  Way  Bills VI,  236 

"  of  Disbursements VII,  525-527 

Superannuation  Funds II,  60;  X,  326 

"Superintendence" VII,  470,  485.  516,  518 

Superintendent II,  63,  277;  VI,    18 

Assistant  General— Scope  of II,  174,  175 

District— English II,  207 

Division II,  138 

43  vol  X5J 
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Superintendent,  Division — Aiitlioritj^  of II,  198 

—Characteristics  of II,  199,  202 

"  "        —Discretion  of II,  198,  200 

**  **        — Dutiesof 11,198-209 

**  **        — His  Relation  to  tlie  General  Man- 

ao^er II,  199 

•»  "        —Scope  of 11.175 

**  "        —Title  of VII,  250 

"  Engine I,    27 

"  General II,  138 

"  "       —Scope  of 11,174,175 

"  Motive  Power I,  277 

"  of  Car  Service VI,     57 

"  "  Cars I,  270,  271,  277 

"  "  DiningCars 11,138 

**  "  EarlyTimes 11,114 

"  "  Motive  Power  and  Machinery II,  138 

"  "Roadway 111,259 

«  "  Telegraph II,  138 

•*  Power  Exercised  by II,  144 

"  Relief  Department X,  311 

"  Transportation VI,  57 

Superintendents,  Division— Relief  Vouchers  Made  by IX,  372 

"  Meetings  of I,  229 

"  of  Cars 1,230,  233 

"  "  Motive  Power I,  233 

"  Railway — American  Association  of IV,    28 

"  Requisitions  of VII,  72,    73 

Supervision,  Costly I.  284 

Effective VII,    75 

"  Government — Objections  to VII.  11,    12 

"  Necessity  of — Over  Young  Employes . . .  IX,  29,    30 

"  of  Property.. II,    16 

Supervisors,  Necessity  of  —  to  See  That  Rules  Are  Obeyed 

IV,  306 

Track II,  138;  III,  259 

Supervisory  Force,  for  the  Care  of  Cars I,  271 

Supplies.    (See  also  "Material.") 

"         Amounts  Charged  to VII,    15 

"         Arrangement  of VII,  256,  294 

"         Baggage  Car — Accounting  for .VII,  187,  188 

"         Business  Car — Accounting  for VII,  187,  188 

"         Caboose  Car— Accounting  for VII,  187,  188 

"         Care  of VII,  45-53 

"         Carpenters'— Accounting  for VII,  187,  188 

**         Classifying VII,  91-105 

"         Construction— Depots  for VII,  189-198 

Cost  of Ill,  395,396;  VII,  14,    38 

"  "     "  Handling VII,  274 

«  "     «  —Upon  What  Dependent VII,  235 
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Supplies,  Dining  Car vtt  000"'^^ 

"  k.   ^     u        A  \       , >  II,  299-301 

-Accounting  for VII,  187 

..         ^.  — Inventorj'ing vn    q/jp 

Disbursement  of ...?...     \t\v  .f, 

::        Disposition  of-i^TAcco'Su';. ! ! !  l ''"'  Vli  \'l'  ^^ 

Expeiulitures  of  Railways  for '. v„t'    ,1 

„    Facilities  for  Storing :::::::xu!ii^ 

^  r  Liei _      ^  ^^ 

Grouping i   tT 

:    Handling  ot      ^':::,'.v.v;;::;;n,'29i;  vii; ^ii 

"         Hotel       ~^"^^''^  Practices yil,  104,  105 

';         Inferior-Purchase  of ! '. '.  *. ! ! ! ^^Kf^  ^tl 

Inspecting Vrrr  nV  ,  n- 

"  Inventorying. ..:;:;;: vTt    '.2}"J^« 

;;     Liabilities  fSr. ...;:;;: ^"'^41-3^^8 

List  of— Eequired  at  Ticket  Offices'.  ."■.;';*.;;;  [.'y'  593 

u         T         *     .       "  t>y  Conductors v'  ^Q9 

Locomotive— Accounting  for yji  "I'si  '-[qV  18S 

Machinists'-Accounting  for 'vif  iS'  }cq 

J         Maintenance  of-by  Aglnts !  *. '  '  ^  V    115 

Manufacture  of— by  Railways Vll   27? 

Money  Invested  in VTT     9« 

Ordering vu^i^l 

Orders  lor-Used  on  Trains.'.'.'.'.'. vfT     fi? 

Passenger  Car— Accounting  for  .... .' vtV  ncy'  .og 

.         Petty-Accounting  for . . .  .^ .• '. ;  ;^'.';^^i^;  ^ 

^^  —Charging YTT  97fi    ^oi 

Purcha^and  Care  of-Customs  of  United  s'tates 

Purchlsyo'f'/.*  ■*.'.*.*.'/.;;;*;. "^  ^^^ 

.  IT' 260;  in,  *397V398';'vii.  39-41,' 45-53- *X     91 
Purchasing '  ':^'    ^t 

;;    Railway..': ;... '.■.'.:;::: vff'u  ^ 

RecPivIn'^^'^^''^^'  ^""'^  Transpo'r'ting'.'.';.V.Vli;i99-20fi 

"     ReseTve.^.;;;; "^'{r?}-''.' 

gj.®  ^f IT,  192,  260;  VII   405 

Shipping '  VTT    ISO 

Shop— Inventorying ^TT    ^dl 

Sleeping  Car— Accounting  for  .   .    v'i'l  187   1 SS 

Station-Accounting  for yji;  Ys'l,  185,'  187,  188 

pf^®  ^! VII,  184-188 

''      -Charging..         Vll,321 

.       -Disbursement  of VH,  3O8   309 

"       "stnlr^^'f -..Vir,  18G 

—Storage  of yjl  is4-188 
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Supplies,  Stockyard VII,  337-340 

"         Track — Accounting  for VII,  269 

«  «     —Ordering VII,  106,  107 

Trackmen's— Accounting  for VII,  187,  188 

"         Train — Accounting  for VII,  185 

"    —Care  of VII,  184-188 

**  "    —Disbursement  of VII,  308,  309 

"   — Storageof VII,  184-188 

"         Value  of— on  Hand VII,    29 

_What  They  Represent VII,  30,  2G4 

Wrecking  Car— Accounting  for VII,  187,  188 

Supply  and  Demand,  Effect  of -on  Kates VIII,  11,  56,    98 

"  "  "        Law  of— How  Far  Applicable  to  Kail- 

roads VIII,  184 

"        Department,  Organization  of .VII,    70 

"        Depots.    (See also  "Storehouses.") 

"  "        Inspectors  of VII,    77 

"        Fipe—Ilhtstration,  Plate  II I,  116-117 

"        Station,  hoGomotiYe—Tllustration I,  276 

Steam I,  328 

Supports,  Gas-Uolder— Illustration,  Plate  II. 1, 116-117 

''  Rail in,  179 

Sureties,  Guaranty IX,  172,  173 

Surety  Companies IX,  158-165 

Surface  Conductors,  for  Collecting  Current I,  464,  465 

Surfacing HI,  285 

Surgeon   11,224,234,  236 

Duties  of II,  236 

"         Relation  of— to  the  Company II,  236 

Surgeons,  Fees  of IIIi  398 

Surgical  Appliances II»  232 

Surveys  of  Routes. Til,  157 

Susa XI,  105 

Suspension  Lamp,  Center— Illustration,  Plate  II 1, 116-117 

Links I,  297 

*»  of  Motor 1,470,  471 

"  Stud— Illustration,  Plate  I I,  58-59 

Swann,  John III^    85 

Sweden,  Heating  Cars  in V,  235 

Sweeney  Air  Compressor,  The— Illustration I,  383 

Brake I,  383 

Swing  Hanger  Pivot  Beixrmg— Illustration,  Plate  II. .  .1, 116-117 

'*  "  "       J^owev— Illustration,  Plate  II 1,116-117 

«  »  "       JJpper— Illustration,  Plate  II  ...J,  llQ-117 

"  "  Stable— Illustraiion,  Plate  II I,  116-117 

«  "  "      CsLStiufi;— Illustration,  Plate  II... 1,11Q-U7 

"       Hangers — Illustration,  Plate  II 1, 116-117 

Swinging  Cranes I?  260 

"  or  Dumping  Ca.r— Illustration I,  149 

Switch  Engines,  Weight  on  Drivers  of I,    64 
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Switch, Flyino^— Meaning  of  Term  IV,  318 

"       Indicators,  Automatic  Electric  Block  System. . . .  IV,  285 
"      lustruments  Automatic  Electric  Block  Si^^iials — Illus. 

tr  at  ions.  .IV,  284 
"  "  "         System.... IV,  284 

Main I,  460 

"       Material,  Storage  of VII,  190 

"       —Meaning  of  Term IV,  321 

"       Okl-Fashioned— with    "Ball"    Counterweight — Illus. 

tration Ill,  328 

"       Sills 111,228 

"       S^m— Illustration Ill,  340 

"       Stand,  Automatic  Safety— Illustratio7i Ill,  336 

The  Interlocking IV,  110-113 

"       The  Split IV,  113,  114 

Switches Ill,  227,228;!,  223 

"        Automatic IV,     15 

"         Care  of IV   433 

"         Closed— Meaning  of  Term .iv'  317 

"         Conductors  Eesponsible  for IV,  359 

Derailing Ill,  237,  238 

"         Duties  of  Conductors  in  Kelation  to IV,  404 

Flying— Making IV,  380 

"         for  Changing  Motor  Connections I,  484 

"  "  Resistance 1,484 

"         in  Colliery  Railroads,  England,  A.  D.  1825 — Illus. 

tration Ill,  194 

"         Interlocking— Use  of,  in  England   VIII,  323 

"         on  Outside  of  Curves Ill,  237 

"         Open— Meaning  of  Term , IV,  319 

Opening IV,  359 
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Order  for , . .  VI,  255-258 

*'  Receipt  for  Charges  for VI,  255-258 
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Time  and  Manner  of  Making VI '  108 

Securing y'  115 

—by  Agents * ;  •  \    or,7 

"        Separation  of  Local  from  Through V  Jj^  ^^^ 

"    State  from  Interstate V   40-43 

"        Suburban Vr     41 

"  "         —Dangers  of •  •  •  _'  ^  70 

—Suitable  Car  for VI 11   307 

"        Th  *rd  Ciass-Discouragement  of',  by  Railway  Owners  ^^^ 

^^    Through  :::;:::.v;//.V/'.v::v.v.:ni; 410; vjji;  307 

—Settlements  for •  •  •  •  Vq  *  909 

Track- Expenses  Chargeable  to ill,  z»d  ^ j- 

_X:pon  What  Dependent ^^    27 

"        Variations  of ' 
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Traffic,  Various  Classes  of  Eailroad I,  168,  169 

—What  It  Will  Bear VIII,    55 

T  Rail,  Boston  &  Worcester  Railroad,  A.  D.  1850 — Illustra. 

Hon .....Ill,  238 

"      "      Lon^  Island  Railroad,  A.  D.  IHbb— Illustration . .  .Ill,  247 

"      "      Origin  of 111,176 

"  Rails  for  Electric  Railways I,  462 

Train  Accidents.     (See  also  ''Accidents") I,  333  ;  IV,    81 

Agents V.    17 

"       Air  Signal 1,317,322,330 

"      Operations  of 1,362 

"         '^  "       Operating  the — Instructions  to  Trainmen,  I,  376 

"         "     Signaling  Apparatus— Illustrations I,  385,  386 

"       and  Station  Service— the  Railway  School IV,    16 

"       Applying  Brakes  from  the I,  326 

"       Austrian  Imperial — Engine  Tender  of — Illustration.  .1,  118 

"       Average  Number  of  Cars  per. . .    I,  165 

Baggagemen V,  404-408 

"       "Bleeding"  a — Instructions  to  Switchmen  and  Yard- 
men  I,  376,  377 

"       Brake  Pipe— Illustration^  Plate  II 1, 116-117 

''       Brakes I,  380 

"       Breaking  into  Two  or  More  Parts — Instructions  to 

Trainmen I.  324 

Construction. . .   Ill,  209 

"       Dispatcher 11,199 

Duties  of IV.  88-92 

—Meaning  of  Term IV,  322 

"       Dispatching IV,  87,    88 

"       Expenses Ill,  414,  415 

"       Force , II,  200;  III,  470 

"  "       Characteristics  of IV,  12,    18 

"  "       English IV,  442 

"       Hours  of  Work  of IV,    19 

Qualifications  of IV,  13,    14 

"       Selectionof IV,  27,    28 

"       The IV,  33-56 

"       Leaving  at  Terminals — Instructions  to  Trainmen. .  .1.  375 

"       Line I,  334,  336 

"  "      Air  Pressure— Standard I,  312 

"      Couplings , 1,375 

"     Disabled 1,374 

"       Mile II,    27 

"       Orders IV,  358,  359 

Detailsof IV,  84-86 

Forms  of IV,  465-478 

"  "        Miscellaneous IV,  376-383 

"  "        Precedence  of IV,  395 

Repeating IV,  397 

Telegraphic IV,  383-400 
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Train, Origin  of  the V."  '•* i'  qfi? 

-       Part  Air-Releasing  When  Moving I,  367 

"       Parted-Instructions  to  Engineers ^.^.  -^^^^^ 

;;       Phraseology  .  • ....  • .  •    V.Vi;  307-3l'6;315:320;  329;330,  379 

^^^     Plate  I I,  o8-o9 

«  "     ^Illustrations,  \  Plate  III {,  1!S~HJ 


''  "       CouDnus—Il^^i^'^i^on,  Plate  III l,  ^'X  .  i, 

.      coupling  ^^^^_Jll^^^^;.^fi^n^  Plate  177. ...  I,  170-171 

u      Hose-7nwstrafion,  Plate  I • .  -I;  ^^"^^ 

"  ''      Pressurein 'iIVg' 

"       Returns ^    't    S24 

"       Reuniting  a  Broken t    1 79 

"3i8-:350:357.  360-364,  366.  367,  374    377-382, 
402,  406,  405-419,  421,  424,  42.5,  431-43o  441,  461 

"      Growthof TV  tis 

"      -Object  of \\/  7rtQ 

««  "      —Standard ;  •;  •^^;.'  A^o 

'^      —Value  of ♦     T   17Q 

-       Safety  of....    {'  ^^^ 

"       Separation  of •  -  •  •  -  ^'  ^^g 

''Train  Service" ^  "•  487,  o2U 

Train  Service • TV  14     15 

"         Attractiveness  of '  ^r     on 

"  "         Changes  in -^^    ^^ 

«  "  Conditions   Governing IV,      » 

Dangers  of V^r  ro  r? 

Effective I^'  <52-67 

in  Great  Britain IV,  440-464 

"  "         Injuries  Growing  Out  of ;;;   iq      ia 

«  "         3Iethods  of  Improving Y^r  V o  Zi 

Morale  of w     in 

"  "         of  American  Railways \Vr  ^^'^  i a- 

Particulars  of iVr  on  o-^ 

"  "         Practices  Characterizing 1 X v     T« 

Requirements  of V^r  o     in 

The  Author's  Books  on 1 V ,  9,    w 

"       Signal  'Pii.e— Illustration,  Plate  II...- •• J.  }u~]]l 

"       Stop  Cock-Illustration,  Plate  II I,  Jl^-Jl^ 

"       Signals i^^  q1;  otft 

"  ''        Rules  Governing '  >^     i    qi -i 

"       Sliding.  The Vv   qi^ 

'•       Staff— Meaning  of  Term t    ii^ 

''       Starting  a ^'  ^^^ 
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Train, Statistics .IV,  62-67 

*'       Stopping- — in  Emergency I,  320 

"Train  Supplies  and  Expenses" VII,  487-520 

Train  Supplies,  Care  of VII,  184-188 

"  "         Disbursement  of VII,  308,  309 

"  "         Storage  of VII,  184-188 

"       Two  or  More  Engines  Coupled  to  a I,  372,  373 

"       Uncoupling  Engine  from I,  375 

—Use  of  the  Word IV,  352,  447 

"       Vestibule I,  182,  197,  198 

Trains,  Abandoned IV,  392 

"       Announcement  of V,  114 

"       Atmospheric  Kesistance  to — How  Diminished I,  198 

"       Authority  of  Conductors  Over IV,  402,  403 

"       Average  Speed  of X.  165 

"       Baggage  of V,  409-412 

Ballast IV,  374 

"       Carriage  of  Signals  by IV,  369,  370 

Cash  Collections  on IX,  112,  113 

"       Changing  Time  of V,    20 

"       Checking  Speed  of I,  317,  318 

"       Circus— Waybilling VI,  138 

"       Classes  of IV,  317 

Classification  of IV,  352,  353 

"       Collision  of IV,  123,  124 

"       Company's  Property  Carried  by IV,  406 

"       Consolidation  of IV,  368 

"       Construction — Meaning  of  Term IV,  317 

"  "  — Kules  Governing IV,  372-375 

"       Control  of— by  Brakes I,  294 

"       Cost  of  Movement  of III.  414 

"       Delayed IV,  358,  368,  376,  403,  404,  415 

"       Detention  of— Reporting IV,  381 

"       Differences  in  Weight  of X,  165 

"       Disabled : IV.  358 

"       Dispatching— by  Telegraph— Forms  Used IV,  465-478 

"       Disposition  of  Articles  Used  on VII,  298 

"       Early  Devices  for  Moving Ill,  120,  121 

"       Extra IV,  352.  353 

"  "    —Meaning  of  Term IV,  317 

"       Freight — Charges  for  Baggage  Carried  on . .    V,  511 

''      —Charging 1,371 

"  "      —Collection  of  Fares  on V,  151-156 

'*  "      —in  Great  Britain I,    63 

"  "      —Operation  of IX,  100 

"  "      — ^Passenger  Fares  Collected  on VI,  317 

"      —Passengers  on V,  150-156 

"  **      —Releasing  Brakes  on 1,367 

"      —Speed  of L31;  VI,  10,    11 

"  "      —Testing  Brakes  on I,  363 
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Trains,  Goods — in  Great  Britain I,    63 

"     — Meanino;  of  Term IV,  447 

Grade  of— Meaning  of  Term IV,  318 

"       Grades  of IV,    76 

"       Handliuo: — Instructions  to  Engineers I,  366,  367 

"       Heavv — Use  of  Vacuum  Brake  on I.  300 

Held  Between  Stations IV,  371 

"       How  Signals  Are  Displayed  on — Under  the  American 

Standard— /?ZH8^rafVo«s IV,  481-494 

"       Identification  of— at  Meeting  Points IV,  365 

"       in  Europe— How  Made  Up I,  202,  203 

"       Inspection  of — by  Conductors IV,  409-411 

Jar  of— Elf ect  on  Bridges  and  Culverts III.  293 

Limited— Meaning  of  Term IV,  322 

"       Local — Quality  of  Baggage  Carried  on V,  411,  412 

"       Making  Up 1,324;  IV,  432,  434 

''  "  "  —Instructions  to  Car  Inspectors. .. I,  330,  331 

"  "  "  "  "  Enginemen 1,317 

"  Trainmen I,  321-323 

"       Mail— Speed  of IV,  376 

"       Manipulation  of II,  200 

"       Marshalling IV,  94-96 

"       Methods  of  Heating— in  Europe V,  232-236 

That  Govern IV,  312 

"       Movement  of IV.  353-371 

"  —by  Telegraph IV,  78, 

83-92,  291,  292,  383-400 
«  "  "        "  "  —Meaning  of  Term... 

IV,  319 

"  —How  Expedited IV,  80-90 

"  "  "  — Importance  of  Signals  in. IV,  256 

"  —Rules  Governing IV,  325-439 

"       Nomenclature  of IV,  314 

"       Numbers  of Ill,  414;  IV,    76 

Officer  Having  Control  of V,15,    16 

"       Operations  of— Vicissitudes  Attending IV,    18 

"       Orders  for  Supplies  Used  on VII.    65 

"    Tools  Used  Upon VII,  155 

"       Parting IV,  356,  357 

"       Passenger I,    66 

—Carriage  of  Property  on V,  297,  298 

"  "        —Express  and  Freight  Cars  in IV,  379 

"  "        —Instructions  to  Engineers I,  368,  369 

—Rates  for 11,250 

"       Protection  of IV,  355,  356,  359-365 

"  "  "  —by  Signals, in  Great  Britain I,  171 

" —from  Collisions IV,  293-301 

"      Fire IV,  363 

"  —The  Staff  System IV,  92-94 

"       Punctuality  of— in  Starting I V,  81 ,    82 
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Trains,  Pushing IV,  379 

"       Record  of  Movements  of IV,  395 

Regular IV,  76,  352 

—Meaning  of  Term IV,  319 

"       Regularity  of  Movements  of IV,    82 

"       Regulation  of .  .IV,  71-79 

"       Relative  Importance  of IV,    77 

"       Rights  of IV,77,    78 

Rough  Handling  of I,  379 

"       Running IV,  378 

"       Rules  and  Regulations  Governing II,    14 

"       Safety  Implements  Carried  on IV,  120 

of IV,  405 

Signal  Appliances  on IV,  403,  404 

"       Special IV,    78 

"      —Meaning  of  Term IV,  321 

"       Speed  of I,  249, 295; III,  135;  IV,  103 

"      "  — Effecton  Rails Ill,  276 

"      "—in  England 1,170 

"       "       ''    Spain 1,174 

"      "  —Its  Relation  to  Earnings IV,  104 

u      " —Tendency  to  Increase 1,310 

"  "      "    Suburban — Requirements  of I,    67 

"       Staple IV,  73,    74 

"       Starting IV,  379,  409,  423 

"       Stopping IV,  378,  409,  422 

"       Suburban V,  41,    42 

"       —Baggage  of V,  409 

"       Switching. . .  /. IV,  94-96 

"       Table  of IV,  71-75 

Time  Interval  Between IV,  353,  354 

Through— Meaning  of  Term IV,  322 

"       Value  of  Information  in  Regard  to IV,    11 

"       Vestibuled I,  203,  204 

'^       Wants  of V,  419 

"       Way— Meaning  of  Term IV,  323 

Weight  of I,  295 

"  "         "  —Effect  on  Bridges  and  Culverts Ill,  293 

"         "  "       "Movement IV,  364 

"       Wild IV,    78 

"    —Meaning  of  Term IV,  324 

Wiring— for  Electricity IV,  177 

"       Work IV,  359 

Trainboy,  The.    (See  also  "Newsboy") V,  418-423 

Training,  Early II,    81 

Trainmaster II,  138 

Trainmen,  Apportionment  of  Wages  of VII,  510 

Authority  Over 1 V.  3S0 

"  Changes  Among IV,  257 

**  Construction Ill,  209 
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Trainmen,  Duties  of IV,  14,  400,  401 ;  IX,  120 

"  —in  America IV,    17 

Examinations  of IV,  304,  305,  329 

Freiojht— Duties  of IV,  409-415 

General  Instructions  to I,  321-328 

Instructions  to I,  369-376 

Keeping  Time  of VII,  367 

Phrases  Used  by IV,  314 

Requirements  of IV,    14 

Responsibilities  of IV,    16 

Use  of  Uniforms  by IV,  20,  409 

AVatchfulness  of IV,  307,  308 

Tram  Rail,  Surrey  Railway,  A.  D.  1803 — Illustration Ill,  183 

"  "     with  Stone  Supports,  Upon  Which  Trevithick's 

First  Locomotive  Ran — Illustration Ill,  186 

"       Roads Ill,  111 

Tramway,  Electric — Lugano,  Switzerland I,  505.  506 

Tramways Ill,  178 

Transfer  Cable I,  254 

Lines V,  205 

of  Raw  Material I,  275,  276 

"   Stock,  Form  of Ill,    90 

"         Statement  of  IX,  257 

Table I,  264,  272 

Transferring  Cars VI,  222,  223 

Transformer I,  422 

Alternating  Current I,  423,  424 

—Windings  of I,  422,  423 

"  Raising  (375  Kilowatt) — Illustration I,  422 

"  Rotary  (400  Kilowatt)— Illustration I,  424 

•*  "        at  Bu^^alo— Illustration I,  502 

"  "        (500 -Horsepower) — Niagara    Power 

HouBe—Illustration I,  501 

Transformers I,  487,  488 

Lowering I,  427,  451,  452 

"  Raising I.  451,  452 

"  Rotary T,  427,  440,  451,  452 

Transmission I,  412-427 

"  Alternating  Current— High  Tension I,  451 

"  Circuits I,  396,  449 

"  Cost  of I,  430 

"  Line I,  439 

**  Mechanical 1,425 

"  of  Power I,  387,  388 

**             Superiority  of  the  Alternating  Current  Sys- 
tem for I,  441 

"  Variations  in I,  431 

Transom  Bars,  Truck  Bolster— Illustration,  Plate  III.  .1, 170-171 
"        Center  Bearing  Pillar,  Body — Illustration,  Plate  II 

1,116-117 
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Transom  Center  Brake— //??is/mfzo?i,  Plate  II. 1, 116-117 

Chafino^  Flate— Illustration^  Plate  II I,  116-117 

Corner  Flute— Illustration,  Plate  II 1, 116-117 

Middle— Illustration,  Plate  II, 1, 116-117 

Outside— Ill-ustration,  Plate  II 1, 116-117 

Pillar,  Bod  J' — Intermediate — Illustration^  Plate   II 

1,116-117 

"  "      —Outside— Illustration,  Plate  II. 1,11Q-117 

Plate,  Widdle— Illustration,  Plate  II I,  116-117 

"     Outside— Illustration,  Plate  II 1, 116-117 

Post — Illustration^  Plate  III I^  170-171 

Truss  B,od— Illustration,  Plate  II J,  116-117 

"        "     Seat — Illustration,  Plate  II I,  116-117 

"        "     WsLSher— Illustration^  Plate  II. T,  116-117 

Transoms,  Cross I,  213 

Transportation.     (See  also  "Carriage.") 

"  —A  Commodity VIII,    71 

—A  Matter  of  Emulation VI,    73 

"  Beginning  and  Growth  of XI,  iii,  iv 

"  Companies,  Revenue  of I,  159 

"  Cost  of VIII,  31,  95, 103,  104 

"  Conducting VII,  485-495,  518-528 

"  Continuation  of  Primitive  Methods  of. .  .XI,  149 

"  Cost  of— Upon  What  Dependent I,  392 

"  Evolution  of 1, 159;  III,  109 

"  Forms  Among  the  Phoenicians XI,  117 

"  Fundamental  Problem  in I,  392 

"  Government  Requests  for V,  144-146 

"  Inventors  of XI,  155 

"  Methods  of I,  201 

"Transportation  of  Men " VII,  467 

" Transportation  of  Material" VII,  466 

Transportation,  Origin  and  Evolution  of XI 

"  Principles  of VIII,    73 

"  Necessities  of — in  the  United  States I,    44 

"  Railwav— Details  of I,  201 

"  Relation  of  Community VIII,  173 

"  "         "  Electricity  to I,  392-396 

"  Superintendent  of VI,    57 

"  Varied  Character  of VIII,    49 

"  Water— How  Carried  on II,  41,    42 

"      —Laws  Governing II,  47,    48 

Trans-Shipment,  Charges  for IX,    61 

Transverse  Plates I,  108 

Trap  Door  Fl^Lttorm— Illustration,  Plate  II 1, 116-117 

Traps,  Avoidance  of— in  Piping I,  380,  381 

Travel,  Appliances  of V,    33 

Classes  of 1,202,  203 

Comforts  of I,  147,  148 

Modern I,  148 
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Travel, Peculiarities  of — in  Different  Countries I,  202 

Piston I,  332,  336 

"  "       —Illustrations I,  358,  359 

"  "      —Its  Eftect  on  Braking  Power I,  356-361 

"       Luxuries  of I,  148;  V,    31 

"Traveler,"    1832— First  Distinctive  Freight  Engine— Illus. 

tration I,    38 

Traveler,  Overhead I,  246 

Travelers,  Commercial — Baggage  Tickets  for V,  471 

"  Rivalry  Among — in  America I,  202 

Traveling  Auditors IX,  271-292 

**  "  Authoritv  of VI,  316 

**  "  Communications  of IX,  222.  223 

"  "  Co-Operation  of IX,  240.  241  i  247 

"  "  Duties  of,  VIT, 433:  IX,  37, 42, 43, 54, 50, 57, 

61,  62,  68,  77.  80,  90,  93,  99,  116,  120- 
123,  125,  127,  133.  136,  143,  144,  146, 
147,  152.  153,  160,  168,  173,  180,  190. 
191,  195,  197,  200-204,  211,  224,  225^ 
236-240,  246,  251,  253-261.  271-292,  432 
**  "  Duty  of— in  Regard  to  Old  Papers.  .YII.  142 

"  **  Examinations  of IX,  284-286 

**  "  General— Duties  of IX,  276,  277 

«  *'  Influence  of IX,  223,  224 

**  "  Qualifications  of IX,  147,  148 

*•  "  Reports  of IX,  277-283,  287,  288 

"         Cranes I,  253,  255,  257,  260,  201,  204 

"         Freight  Agent II,  139 

"         Inspectors.  English II,  207 

Night I,  190,  191 

"         Passenger  Agent II,  139 

Trav.  Drii)— Illustration,  Plate  II 1, 110-117 

Tread  Boa.rd— Illustration^  Plate  II 1,116-117 

"       Wheel I,  304,  305 

"  "       —Illustration^  Plate  III 1,170-171 

Treasurer II,  63, 131, 138,  287 

"  Conservatism  of 11,194 

"  Drafts  Drawn  on X,  272-275 

Duties  of II,  186-1 97  ;X,  257-290 

"  —Meaning  of  Title 11,141 

"  Power  of II,  192 

"  Routine  Work  of II,  189 

Staff  of X,  259 

Title  of YII,  249;  X,  258.  259 

Treasury,  Auditor  of  the II,  292 

"         Department.  Conduct  of II,  193 

"         Reconveving  Money  into  the X,  283 

Secretary  of  the 11,292,  293 

Treenails Ill,  197 

Trees,  Protection  of  Track  by Ill,  303 

44  vol  13 
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Trespassers ' Ill,  267;  IV,  128,  180 

Trespassinf^,  in  Great  Britain IV,  44G 

Trestles HI,  129 

Trevitbick 1, 16, 23,  58;  III,  125 

Invention   of XI,  511 

"  Result  of  Discoveries  bv I,    19 

Trevitbick's  Locomotive,  1803 \ I,  20,  21,    41 

"  ''  "    — Illustration I,     20 

Tribe,  Religion  of XI,    41 

Unit  of XI,     27 

Tribes,  I  ntercourse  Between XI,    71 

Trimming Ill,  208,  209 

Trimmings,  Boiler I,  285 

Cab I,  28tj 

Engine I,  286 

Triple  Valve I,  307,  308,  320,  324,  336,  538 

-      —Illustrations    ^  ^^«^e  ^^   1,116-117 

—niust)  ations^  -^  p^^^^^  jj^ ^  170-171 

'*  "      Blow,  Stopping 1,374,375 

"  "      Blowing — Instructions  to  Trainmen I,  374,  375 

"  "      Defective 1,371 

"  "      Draining  tbe I,  329,  330 

"  "      Exbaust 1,327 

**  "      for  Driver  Brakes— lUiistration I,  539 

"  "      Law  Governing 1,346 

"      Operations  of 1.337-346 

"  "      Pipe  to— Illustration^  Plate  II 1, 116-117 

"      Plain 1,373 

"  "  "    Automatic 1,340-344 

"  "  "  "  —Illustrations 1, 325,  341 

"  "      Quick  Action 1,343-346 

"  "  "  "        —Illustration I,  344 

"  "  "  "       —Result  of  Defective 1,365 

"      Valves,  Cleaning — Instructions  to  Car  Inspectors 

I,  331,  332 

"  "        Draining 1,332 

"  "       Effect  of  Quick  Action  on 1,369 

Repairing 1.382 

Triplicate  Order  System  of  TelegraDhic  Dispatcbing.  .IV,  83,    84 

Trireme .' XI,  108 

TritcTcbraes XI,    87 

Troglodytes XI,    66 

Trojan  VVar,  Vessels  in  Time  of XI,  151 

Trolley  Circuit  Supplied  by  Feeders— Illustration I,  433 

Divided  into  Sections— Illustration I,  433 

Line I,  488 

"    Double 1,445 

"     Higb  Tension 1,452,453 

"         —Meaning  of  Term IV.  315 

System L  463,  464 
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Trolley  Wire.  Nantasket  Ho&d— Illustration I,  493 

"        \Vires 1,488 

"  "      Pressure  Between I,  437 

Trolleys I»  260,  275 

Trough.of  Steel  Beams ^I,  464 

Troy,  Sie^e  of ^^?    ^^ 

Truck,' American  Bogie— Side  View  of— Illustration I,    66 

Locomotive— Side  View  of— I?Z«<s^raYi"o7i, I,    68 
"  "  Standard  Freight  Car— I/^ifsrmfion,    Plate 

III. I,  170-171 

ti              **                  "              "           "   — Plan    of — Illustra- 
tion  I,  180 

**  "  t^  ^  ^  — Se  ct  io  n  Showing 
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Volt,  Definition  of I,  401 

Voltage,  Reduction  of — on  a  Motor I,  478 

Voltmeter I,  461 

Voucher,  Special  Journal — Freight  Auditor's  Advice  of.  .VI,  307 

Vouchers II,  292 ;  VII,  434-437 ;  IX,  366-369 

Agents'  Relief  . '. X,  277,  280 

"  Approval  of VII,  437 

"  Ascertaining  Amount  of  Unpaid X,  84,    85 

Cancellation  of VII,  442-444;  IX,  379,  380 

Care  of X,  271,  272,  282 

Certifying X,  92.    94 

"Vouchers  Chargeable  to  Storekeepers" VII,  318,  319 

Vouchers,  Charging IX,  368;  X,  83,    84 

"  Duplicates  of X.  95-97 

"  Errors  in VII,  435,  440;  IX,  368,  377 

Filing X,  96,    97 

"  Fraudulently  Claimed  as  Paid  by  Agents.  .IX,  217,  218 

Indorsing X,  283 

Journal X,  81,    82 

Lost VII,  440;  IX,  377 

Making X,  92,     94 

Material— Charging. VII,  273 

Notations  on VII,  435,  437 

Papers  Attached  to . .  VII,  434, 43o,  439 ;  IX,  377 ;  X,    94 

Paving VII,  435,  437-441,  444;  X,  94-98,  275-284 

"  "      —Before  Approval X,  274 

"      —to  Tliird  Persons X,  281,  282 
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Vouchers,  Payment  of IX.  218,  3G8 

"  —bj^  Agents IX,  180,  374-378 

Petty— Paying X,    98 

Eeceipting Yll,  439;  IX,  376;  X,  94,  97,    98 

"  Reclamation IX,  131 

"  Register  of X,  68,  83-85 

Relief IX,  371-374.  427 

"  Remitting IX.  425 

Stamping VII,  440;  IX,  377 

Unpaid VII,  438 

Used  as  Drafts X,  279 

Voyage.  Sea— The  First XI,  111 

Vulcanizing Ill,  374 


Wages.  .1,281;  II,  13,  24.25,28,50,51,60,  69;  III,  145,  415,  418-420 

'•        Certificates  of.     (See  also  "Time  Tickets'") 

IX,  380-390;  X,  271 

"  "  —Payment  of IX,  390-397 ;  X,  286 

Charging VII,  274 

"        Computation  of 11,24,    25 

Deceased  Employes' X,  284 

"        Dissimilarity  in II,  104 

"        Distribution  of VII,  359 

"        Efl'ect  of  Danger  on II,  101 

"  ''      ''  the  Circulating  Medium  on .Ill,  19, 21-23 

"        Efforts  of  Labor  to  Raise II,    34 

English. IV, 448-454 

"        Fictitious— Checks  for X,  198 

"        Fluctuation  of II,  106,  107 

"        for  Common  Labor .-.11,100,  101 

"        Garnished X,  284 

"        Garnishment  of IX,  401-403 

"        Inadequate — Their  Effect  on  Railways II,  105 

in  England X,  233,  234 

Influences  Affecting II,  98,  102,  104 

"        Keeping  Account  of VII,  240 

Method  of  Computing VII,  367,  368 

"        of  Deceased  Employes VII,  403,  407 ;  IX,  394 

Orders  for IX,  400,  401;  X,  205,  231 

Payment  of I,  280;  VII, 

398,  406-410;  IX,  380,  390-397;  X,  185-253.  285,  286 

Pay  Rolls  for VII,  388-397 

"        Principles  Goyerning  the  Fixing  of II,  97-107 

The  Act  of  Paying  Railway  Employes  Their .  .X.  185-290 

Time  of  Paying X,  216,  217 

Trallic  in VII,  398;  IX,  434 

Uncalled  for X,  197,  251 

Withheld X,  286 

**        Withholding IX,  177,  388.  389 
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Wagner  Palace  Car  Company 1, 147,  196-199;  VI,    73 

Service 1,202 

Wagon,  Evolution  of XI,    52 

First  Introduction  of 1, 160;  XI,     54 

Horseless XI,  521,  522 

"        Introduction  of XI,    62 

"        Peddler's— The  Kailway  Car  a  Substitute  for I,  168 

Wagons,  of  Primitive  Ages I,  293 

Use  of— by  Railways VII,  211 

"    "—for  Houses XI,    66 

Wainscot  Fsiwel— Illustration^  Plate  II T,  116-117 

"         Rail,  l^owev— Illustration,  Plate  II 1, 116-117 

"  "     V-^^ev— Illustration,  Plate  II 1, 116-117 

Wake XI,     28 

Walls,  of  Car  Repair  Shops I,  273 

"   Shop  Buildings 1,253 

War  Chariots,  Wheels  of IV,  190 

"    Department.  Transportation  for V,  144 

"    First  Vehicles  for I,  162 

"    Munitions  of I,  224 

"    on  Private  Interests,  Effect  of VIII,  161 

Warehousemen,  Carriers'"  Responsibility  as IX,    75 

Warehouses,  Examinations  of IX,  105 

"  Preventing  Blocking  of IX,    75 

"  Use  of— Charges  for Ill,  406 ;  VI,    55 

Waste  Paper,  Disposition  of IX.  432 

Water  Rents,  Payment  of IX.  403 

Watering  Live  Stock,  Charges  for IX,    61 

Wars,  Rate VIII,  142 

Watchmen,  Use  of  Signals  by IV,  342,  351 

Water, Blow-Off  for— Illustration.  Plate  II 1, 116-117 

Circulation  of— in  Grate I,    96 

Cock,  Hot  and  Coh\— Illustration,  Plate  II 1, 116-117 

"       Goc]is~Illustration I,     64 

"       Conveyance  of — from  Tender  to  Engine 1,  106 

"       Cooler— Illustration,  Plate  II 1, 116-117 

"  "        F'ducet— Illustration,  Plate  II 1, 116-117 

"       Cranes I,  247 

"       Drinking — on  Cars I,  181 

"       Dim— Illustration,  Plate  II 1, 116-117 

"       Falling I,  393 

for  Cleaning  Cars I,  269 

"       Gauge I,    80 

'.  "      —Illustration T,    64 

Warming  Pan T,  204 

Wash  Bow\— Illustration,  Plate  II. 1, 116-117 

Washout  Plugs — Illustration,  Plate  I I.  58-59 

AVasher,  Brace  Hod— Illustration.  Plate  II 1. 116-117 

Truss  Rod— Transom— /^"sfraf ion,  Plate  II  .  .1,  116-117 
Waste,  Cause  of I,  124 
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\Yaste,-Charging VII,  320,  321 

Wastefulness II,  118 

Waste  Pipe  Basiu — Illustration,  Plate  II. 1, 116-117 

"      Record  of VII,  320,  321 

"      Use  of— by  Railways VII,  212 

Watch  Certificate,  Form  of IV,  336 

Watches,  Rules  Governing IV,  335-338 

Watchmen,  Track Ill,  248,  285 

"      —Cost  of 111,289 

Water  Glass  or  TumWer  -Illustration,  Plate  II 1, 116-117 

"       Height  of — in  Boiler — How  Ascertained I,  80,    81 

"       Hot — Use  of,  for  Heating  Cars IV,  155,  156 

"         "         "      "  —in  Europe,  for  Heating  Cars V,  235 

"       —How  Supplied  to  the  Boiler I,  76,  77,  79, 105,  106 

"       Impure — Its  Eft'ect  on  a  Locomotive  Boiler I,  248 

"       Jsicket^Uot— Illustration,  Plate  II 1, 116-117 

"       Pipe 1,  106 

"  "    — Illustration,  Plate  I I,  58-59 

"  "      Arch  Support — Illustration I,     98 

"  "      Cold— Illustration,  Plate  II 1, 116-117 

"  "        "     —to  Bowl— Illustration,  Plate  II 1, 116-117 

"        -Quantity  Carried  in  Tender I,  106 

"  "         Converted  into  Steam  by  One  Pound  of 

Coal I,    71 

"  "         of — in  Locomotive  Boiler I,    76 

Relief  Valves I,    95 

"      Scoop I,  106 

"       Space I.    96 

"Water  Stations"' VII,  459 

Water  Stored  Under  Pressure I,  298 

"       StrsimeT— Illustration,  Plate  II 1, 116-117 

"Water  Supply  for  Locomotives"' VII,  486,  519 

Water,  Taking — for  Locomotives IV,  426 

Tank I,  246 

"  "     — Illustrations,  Plate  II 1, 116-117,  280 

"  "     Air  Vent  from— Illustration,  Plate  II 1, 116-117 

"  "     Approach  to — Illustrations I,  106 

"     Filler— Illustration,  Plate  II I,  116-117 

"       Tanks,  Locomotive — Repair  of I,  251 

"       Transportation VIII,    69 

"  "  —How  Carried  on 11,41,    42 

"  "  Laws  Governing II,  47,    48 

"       Tests  of 1,277 

"       Use  of  Impure .- I,  263,  264 

"       Valve — Illustration,  Plate  I I,  58-59 

"Watered"'  Stock Ill,  34,  72-78;  VIII,    75 

"      —Its  Effect  on  Rates Ill,    77 

"      —What  It  Represents Ill,    75 

AVaterways Ill,  254 

Watt,  Alexander VII,  162 
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Watt.James XI,  511 

Wattmeter I,  461 

Watts T,  403,  404 

Way  Bills 1, 171 ;  VI,  80,  91  129-141 

"     Abstracts  of IX,  44,    45 

"        "  "  "  Interline— Forwarded 

VI.  227,228,230,  234 

"  "         "        —Received VI,  228-230.  235 

"  "Local— Forwarded...  VI,  223-226.230,  232 

"  "      "     —Received .VI,  227,  230.  233 

"      Auditing IX,  208 

"        "     Baggage.    (See  also  "Checks") , 

V,  56,  57,  369,  370,  372-376 

C.  O.  D V,  484 

—Colored  Paper  for V,  491 

"      Canceling VI.  195 

"        "      —Changing  En  Route VI,  164 

"      Charges  Xot  Specified  on VI,  215-217 

"      Collecting  Fares  on V,  153-156 

"      Collection IX,  92,  93.  310,  311 

"  —Rules  Governing VI,  211-213 

"        "      Columns  for  Miscellaneous  Charges  on  . . .  .IX,  62,    63 

"      —Comparing  with  Freight IX,  98,  102,  290 

"        "      Comparison    of — with    Traveling   Auditors'  Ab- 
stracts   IX,  149 

"        "     —Copies  Required VI,    83 

"      Correcting IX,  363 

"      Dating VI,  143 

"        "      Duplicate— Examination  of VI,  186 

"      Duplicates  of VI,  135, 180,  181 

"        "      —Entering  in  Freight  Received  Book.  VI,  201,  209,  210 

"      Errorsin: VI,  183, 186;  iX,     59 

"  —Notice  of X,  111 

"      Estray  Freight VI.  165-168 

"      Examination  of.. VI,  133,  J90;  IX, 56-60.99;  X,  109-111 

"        "      Excess  Baggage V,  449,  450, 

486,  487,  489,  495,  496,  501,  502,  504 

"        "         "  "        —Austrian V,  493 

"      Express V,  543,  544 

"      for  Charges  Advanced  by  Shippers IX,  322,  323 

"    Special  Charges VI,  131 

Circus  Trains VI,  138 

"        "       "    Ticketing  Passengers V,    76 

"      Forms  of VI,  136 

"        "     Forwarding  Apart  from  Freight IX.    53 

"      Functionsof IX, 47-49 

"      Government  Freight .VI.  281,  283 

"      Guard's— English V,  248 

"        "     Inserting  Prepaid  Charges  on IX.  126.  127 

"        "     Insertion  of  Charges  on— Rules  Governing — VI,  134 
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Way  Bills,  Insertion  of  Weights  on-Kules  Governing      VI,  134 

"        "      Interline M,  137,  230;  X,  116 

u        "  '^         —Junction  Returns  of YI,  241,  242 
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134 
116 
242 

—Monthly  Summary  of VI,  239-241 

"        "      Live  Stock :j7'  102,  138 

u        "     Local \  ■       ' 

"        "  "      Charges  on ^  I>  l'^^'  ^30 

«        "  "      Monthly  Summary  of VI,  23G 

"        "      Makinty— for  Freight  Received   at  Prepaid   Sta- 

tions VI>  lo3,  lo^ 

«        "  "        Freight  Bills  from VI,  204,  205 

"        "      Marking ^^V  ■^f ^ 

"        "      Memorandum VI,  132,  137;  IX,  52 

"      Miscellaneous— English v ,  *^47,  248 

"        ''      Names  of  Consignees  on V  1>  144 

"        "  -'       ^   Stations  on   \r'  017 

"      Newspaper  Parcels— English •  •  •  •  V,  247 

"        "      Notations  on -^"/^      ' 

"        ''     Notices  of  Errors  and  Omissions  in— Rules  Gov- 

ernino" VI,  192-1  yo 

"      Numbering • ^^' ^^rt'  ill 

"        "  "  — Errors  in ^  ^1  ^^- 

"        "      Omissions  from VI,  183    180 

"        "      Original— Examination  of • ;  •  •  >  ^  \^f^ 

"         "  •'        —Revision  of VI,  183-lbh 

"        "      Overcharges  Accruing  on I^i  36o 

"     Parcels— English xrV  tS 

"        "     Perishable  Property \i»  ^^7. 

"      Recording \^^    ^-t 

"        "      Records  of -    ^       '       _ 

u        «  "        "  J-by  Traveling  Auditors IX,  54,     55 

"     Revision  of VI,  177;  X,  110,  111 

"        "     Routing VT  1^1    1^7 

"        "     Rules  Governing  the  I  se  of ^ J^  i-^^^  ^^' 

"        "      Safeguards  Attending  Use  of 1-^' '^J'    !5 

«      —Sending  Duplicates  to  Headquarters V'-v  qj  Vr 

"      Station  Records  of ttV  n  qo    i 7q 

"      Substitutes  for •  ;••••••  ;/;  ^'ti'  ^i% 

"        «      Suppressing IX,  48,  54,  5G,  149,  206-211;  X,     08 

"        "      Switching Vl,2o/,  2o» 

"        "      —Their  Place  in  Freight  Accounts VI,  130 

"        "     Tissue  Copies  of ^  •;  ^y/'  1^';^ 

«        "      Traveling  Auditors'  Returns  of JX,  JU,  /i^. 

"      Uniformitv  of •  •  'V'  J^l 

u        «     Useof \ ....y,  436 

u     Weights  Shown  on VI.  138,  139 

Waybilling  Baggage,  European  Methods •  >^  4Jw   4.J.5 

Directions ^1'    [-Via 

Errors  in Vi    1  ^9 

Free V 1,  i^y 

45  vol  1» 


376  GENERAL  IXBEX. 

PAGB 

Way  Freit^ht ] Y.  413 

Loading YI,  OS,    99 

"     Traill — Meaning  ot  Term 1 Y,  323 

Wealth,  Acquisition  of YII.  19-27 

First  Step  Toward YJ I,    24 

Weapon,  The  First XI,    62 

Wear  and  Tear I,    63 

"        "        "      of  Locomotives  and  Cars I,  231 

Weather,  Eft'ect  of — on  Movement  of  Trains lY,  3G4 

•''         Protection  of  Motors  from I,  471 

Webb,  F.  W ...  I,     46 

Wedo-e  EoU—IUustralion,  Plate  I I,  58-59 

"       Driving  Bo:s.— Illustration,  Plate  I I,  58-59 

Filling,  Body  Bo\&ter— Illustration,  Plate  III.  .1, 170  171 

"       Side  hooT— Illustration,  Plate  III 1, 170-171 

Spikes Ill,  198 

Wedges I,  213,  286,  292 

W^eeds,  Cutting Ill,  240 

"•        Removing 111.285 

Weeklv  Return  of  Interline  Ticket  Sales Y,  167 

"     "        "    -    ''  Ticket  Sales Y,  163,  164 

Weighers,  of  Freight YI,    24 

Weighing  Bulk  Freight  at  Destination — Rules  Governing,YI,  150 

Cars YI,  222,  223 

"         Freight  en  Route — Rules  Governing YI,  148 

"  Ore— Rules  Governing YI,  149 

Weight,  Counter  Balance — Illustration^  Plate  I I,  58-59 

Distribution  of— on  Cars I,  218-219 

Division  of— Eft ect  of  the  Bogie I,    24 

Effect  of— on  Cost X,  161-164 

Locomotive— Distribution  of T,  66,  109,  110 

"        of  Armature 1,469 

"  Motor I,  469,  470 

"         "  Raihvav  Equipment I,  165 

Shortagesin IX,  105 

Weights,  Actual YI,  147 

Estimated YI,  147 

Incorrect YI,  22,    23 

—How  Fixed ^ YI,  146 

Table  of YI,  146 

Welding  Machinery I,  262 

Wells.  Gas  1,104 

Western  Classification,  The YI,  444 

Westinghouse  Air  Pump I,  538 

^Yhee\—Ilhlstration^  Plate  II 1, 116-117 

"       Action  of — on  Rail  Joint— Illustration HI,  339 

"       Ancient—  Illustration lY,  191 

•'  "        Egy\)ti3in— Illustration lY,  191 

"  "  "  Chaniot— Illustration lY,  190 

"  "         -from  CyipTus— Illustration lY,  194 
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Wiieel,  Ancient  Roman  Cart— Illustration  IV,  180 

and  Axle,  The  First  Form  of— Illustration IV,  188 

"       Assyrian  Chariot— 600  B.  C— Illustration IV,  190 

"       Barlow — Invention  of I^  519 

Base,  Rigid— in  Enojland I,    24 

"  "  ''      —Its  Effect  on  Maintenance HI,  148 

"      Short vi'.S? 

"       BTB.c\iets— Illustration^  Plate  III I,  1  <  0-171 

"       Bulgarian— I^?"«^r«f«o?i   IV,  195 

"       C£ii\En^V\&h— Illustration IV,  215 

"         "     — Xumber  of  Men  Required  to  Manufacture. .. I,  133 

Cast-Iron  Driving— with  Steel  Tire— Illustration. .  IV,  200 
"  "         —with  Steel  Tire— Illustration IV,  209 

Chilled  Iron— for  Passenger  Cars— Illustration. ,  .IV,  201 

Cog I'    2*2 

"       —Difficulty  to  Make  It  Revolve I,  293 

Double  Flate— Illustration IV,  207 

»*  "  '^    —Master  Car  Builders' Washburn  Pattern 

—Illustration,  Plate  III 1, 170-171 

Driving— Its  Ability  to  Carry  a  Load I,     64 

"       Engine  Truck— Illustration,  Plate  I I,  58-59 

"       Evolution  of  the 1^:  ^^J"!?^ 

"       Flange !»  ??4 

,,  „,     ,     ,.  ^  Plate  II 1,116-117 

-Illustrations,  |  p^^^^  jjj j^  170-171 

"       Flanges,  Importance  of IV,  210,  211 

"       Freight  Car— Cast-iron— Illustration IV,  196 

"       Gang 1^286 

"       GauSe 1V,211 

"       Guard— Illustration,  Plate  I I,  58-59 

"       Hand-Brace— Illustration,  Plate  II I,  116-117 

"     Brake— Illustration,  Plate  III 1, 170-171 

Hollow  ^poke— Illustration IV,  207 

B.u\)— Illustration,  Plate  III 1, 170-171 

Locomotive  Tender— Cast-iron— IZ^M6-^>'aa'ou  .   ...IV,  197 

"  -^  Truck — Paper — Illustrations IV,  199 

"       -p'lei^e— Illustration,  Plate  II 1,116-117 

"      Plate,  Outside— /nf<sO-o/io?i,  Plate  II. 1, 116-117 

Plate,  Outside— ///u^/rft^/on,  Plate  II 1, 116-117 

"       Pressure  of  Brake  Shoe  Against I,  311 

"       Primitive — Illustration IV,  188 

"  ''  —from  Germany— Illustration IV,  192 

Ratchet— Brace— I/?»sfmYio)i,  Plate  II 1, 116-117 

"       mm— Illustration,  Plate  III I,  170-171 

"       Single  Flate— Illustration IV,  207 

Solid  S\)oke— Illustration IV,  207 

Steel  Tired  Cast  Jron—IUustration IV,  208 

Tread— Illustration,  Plate  III 1,170-171 

"       Weight  Placed  on I.    64 

"      Wrought  Iron— French  Design IV,  209,  210 
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AVheels T,  49,  120,  121,  213,  285,  293,  334 

Action  of— on  Kails IV,  211-213 

Ancient  BYOuzQ—IUnstration IV,  193 

Bearings  of IV,  199 

Breakage  of  Difi'erent  Forms  of IV,  221 

Breaking  of IV,  405 

Car 1,178;  IV,  186-223 

"    —How  They  Differ  from  Other  Wheels IV,  196 

"   — Inspection  of I,  278 

"    —Kinds  of IV,  198 

''    —Storing 1,272 

Cast  Iron   IV,  200,  215,  216,  220 

"      Steel IV,  198 

Chilled    I,  302;  IV,  198 

—Manufacture  of IV,  200-207 

—Patterns  of IV,  207 

Coach— Steel  Tired I,  302,  303 

Cost  of Ill,  403 

Defective Ill,  430 

Diameter  of IV,  216-220 

Driving I,  87,  286 

"         —Illustration I,     60 

"•        — Application  of  Flanged  Brake  Shoe  to  .  .1,  304 

"         —Brake  Used  on I,  297 

—Load  on Ill,  195 

"         — Number  Required I,    66 

"         — Removing T,  244 

"         —Statement  of  Number  of I,    39 

_Steel  Tired 1,302 

"  —Theory  of  the  Application  of  the  Auto- 
matic Brake  and  Brake  Shoe  to  the — Il- 
lustration  I,  542 

"         — The  Largest  Ever  Known I,    35 

—Use  of  Brakes  on I,  314 

—Weight  on I,    64 

Durability  of— Effect  of  Rest  on IV,  210 

Effect  of— on  Rails Ill,  201 

Emery— Use  of,  by  Railways VII,  212 

Facilities  for  Storing I,  269 

Flanged— Introduction  of Ill,  177 

Flange  of — Application  of  Brake  Shoe  to I,  304 

Friction  on I,  302 

Hand  Car IV,  213,  214 

Handling I,  275 

Locking  the I,  312 

Locomotive— Construction  of I,  110 

"•  — Machine  for  Removing  and  Replacing 

I,  261 

Manufacturers  of — Rivalry  Among IV,  220 

of  Motor  Car  Trucks 1, 468,  469 
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Wheels  of  War  Chariots IV,  190-193 

"      Paper , lY,  2OO 

"   "  Passenger  Car — Eno^lish IV,  215 

Shrinkage  of IV,  213 

"       Sliding I,  311-313,  363,  379;  IV,  321 

"  "      —Avoidance  of I,  3G9 

"  "      — Instructions  to  Enginemen I,  321 

"      Steel  Tired IV,  207-209 

"         "        "      —Manufacture  of IV,  208 

"      Tread  of IV,  199 

"       Truck— Illustration I^     60 

"      Use  of  Brakes  on   1,313.314 

''      "   Scrap  Iron  for IV,  208,  209 

"      Weight  of IV,  213 

When  a  Train*Has  Lost  Its  Rights — Meaning  of  Phrase.  .IV.  323 

Whirlicotes XI,  105 

Whistle I,  362 

'^         — Illustration I,    60 

Air.. ". . . '. iv,"  115 

"         Rig — Illustration,  Plate  I I,  58-59 

"        Si}yna\— Illustrations,  Plate  I I,  58-59,  386 
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